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In low latitudes, geologically suitable repositories for tsunami deposits are not 
well defined.  This project characterizes the geomorphic environments on the 
southeastern coast of India that preserved depositional evidence of the catastrophic 
tsunami created by the Mw9.0-9.3 Sumatra-Andaman earthquake on December 26, 2004.  
The Indian coast is particularly interesting because it is approximately 1300 km from the 
subduction-zone source of tsunamis across the Indian Ocean, and therefore only the 
largest events are capable of reaching it.  The main objective of this study was to identify 
the settings where recognizable tsunami deposits from the 2004 event have been 
preferentially preserved in the stratigraphic record until 2008. These results will be useful 
in future attempts to discover and identify paleotsunami deposits in the geological record 
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 The impact of the 2004 Indian Ocean tsunami focused attention on the region and 
scientists began investigating for evidence of past large events.  Recent paleotsunami and 
paleoseismic research around the Indian Ocean Basin (Monecke et al., 2008; Jankaew et 
al., 2008; Rajendran et al., 2007: Bilham et al., 2005; Kowalik et al., 2005; Okal and 
Synolakis, 2008) indicates that earthquake-generated tsunami have occurred in this 
region in the past (Monecke et al., 2008; Jankaew et al., 2008).  The largest of these could 
have traversed the ocean and reached the southeastern coast of India, which highlights the 
importance of identifying key preservation sites in this potential repository of 
catastrophic basin-wide events.  However, geologically enduring sites where tsunami 
deposits dependably survive are not yet well defined in India and other tropical 
environments.  Despite paleotsunami substantiation in Sumatra, Thailand and The 
Andaman Islands (Monecke et al., 2008; Jankaew et al., 2008: Rajendran et al., 2007), 
and the possible existence of paleotsunami sediments at three different field sites in India 
(Srinivasalu, 2010), no conclusive evidence of paleotsunami deposits has been discovered 
in mainland India to date. 
 The December 26
th
 2004 Indian Ocean tsunami was generated by a Mw = 9.0-9.3  
earthquake (Kanamori, 2006; Kowalik et al., 2005) associated with a rupture zone of 
approximately 1300 km (Bilham et al., 2005) with an epicenter off the northern coast of 





subduction-related stresses along the Indo-Andaman plate boundary.  The rupture 
occurred at 06:29 India Standard Time (IST) (Chadha et al., 2005).  The first wave struck 
the coast of India nearly three hours later at approximately 09:25 IST (Srinivasalu et al., 
2007) after traveling approximately 1300 km.   
The purpose of this project is to provide baseline data for future investigations of 
paleotsunami deposits by characterizing the geomorphic environments that have 
preserved evidence of the 2004 tsunami on the southeastern coast of India in the state of 
Tamil Nadu (Figure 1, Figure 2).  The Holocene stratigraphy in northern Sumatra and 
coastal Thailand includes sand sheets that may record multiple, great tsunamis within the 
last 2800 years; the most recent of these occurred 550-700 years ago (Jankaew et al., 
2008; Monecke et al., 2008).  If there is stratigraphic evidence of these paleotsunami 
events in India, it may provide increased insight into the recurrence interval and extent of 
inundation of large, basin-wide events within the Indian Ocean which could reduce future 
loss of lives and property.  There is sedimentological and paleontological evidence at 
three different field sites in southeastern India that suggest possible tsunami events about 
700 and 980 years ago (Srinivasalu, 2010).  Extending the number of Indian field sites 
with strong evidence of paleotsunami deposits could help to substantiate those initial 
findings.  Because prehistoric tsunami deposits in tropical latitudes are still elusive due to 
relatively high weathering rates and typically sand-dominated grain size (Rhodes et al., 
2006), this project will provide additional data to better characterize the physical settings 
conducive to the accumulation and preservation of tsunami deposits in southeastern India 






 The hypotheses for this study were 1) the aseismic, tropical southeastern coast of 
India would contain stable geomorphic environments for the long-term accumulation and 
preservation of tsunami deposits.  2) the 2004 tsunami deposits would be preserved best 
on elevated, flat surfaces such as river terraces and behind coastal dunes; 3) there would 
be a distinct sedimentological difference between tsunami deposits and preexisting 
sediments; and 4) new descriptions in 2008 of tsunami deposits at the same sites where 
they were described immediately after the 2004 Indian Ocean tsunami would reveal 
similar sedimentological and stratigraphic characteristics. 
Objectives 
The following objectives were identified to test the above hypotheses: 
1) Characterize the geomorphic environments where the 2004 deposits were best  
  preserved and identifiable.  Compare and contrasted those environments with 
 geomorphic settings where the 2004 sediments were not deposited or 
 recognizably preserved.  
2) Develop a conceptual model based on field descriptions and sedimentological 
 analysis to distinguish tsunami deposits from preexisting deposits derived from 
  other sources. 
3) Compare data collected immediately following the 2004 event (Srinivasalu et   
 al., 2007) to data collected in this project to understand whether and how the 





4) Determine the minimum age of the surfaces that were inundated by the 2004  
 tsunami.  This objective contributed toward a better understanding of the rates of   
geomorphic and soil-forming processes in different environments within the study 




























































Figure 1. Study area and regional context.  This project focused on 10-13 N latitude 
and 79-83 E longitude.  The box around Chennai delineates the detailed map of the 
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Figure 2. Individual study sites. The northern and southern sites were separated based on 
a grain size shift at Cuddalore (triangle);  A. Northern sites (Google Earth), B. Southern 
sites (Google Earth);  Inundation distance and run-up heights indicated by length and 
height of shaded boxes not drawn to map scale (Peterson et al., 2005); Sites are numbered 
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 LITERATURE REVIEW 
Geomorphology 
An evaluation of the geomorphic setting and geological evolution of a coast is 
fundamental to the process of identifying what and where to look for tsunami evidence 
(Goff et al., 2009).  Tsunami inundation and run-up can be highly variable over relatively 
short distances, highlighting the effect of geomorphology on wave dynamics.  Tsunami 
run-up is the tsunami’s maximum vertical height above sea level at its furthest point 
inland.  Tsunami inundation is the maximum distance inland that a tsunami wave traveled 
relative to the mean swash zone.  The mean swash zone we used in this study is the sea 
level at approximately high-tide.  As documented at over 5300 locations in Japan, 
tsunami run-up height tends to be exaggerated up river valleys and on steeper near-coast 
topography and tsunami inundation tends to be greater on flat plains, but with less run-up 
height as the tsunami energy is dispersed over a larger area (Mori et al., 2011). 
Regionally, Tamil Nadu consists of fluvial systems that drain eastward across a 
relatively low-relief coastal plain.  Near the coast, where the 2004 tsunami inundation 
occurred, the geomorphology consists primarily of beaches, seaward beach ridges, swales 
and mud flats (Ramasamy et al., 2006a, Ramasamy et al., 2006b).  The beaches are 
narrow, with a length of 100-300 m, and accompanying swales in most cases do not 
extend more than 200 m landward of the beach, except just south of the Cauvery River 
delta near Vedaranyam (Fig. 2), where there are several inland beach ridges formed as the 




contains a number of paleochannels dated 750-2300 years before present that may 
represent ancient conduits for transporting tsunami flow further inland (Ramasamy et al., 
2006b).  Although not near a plate boundary, the southeastern coast of India has 
experienced some neotectonic motion.  Just south of Chennai at 12.8° N latitude an E-W 
cymatogenic arch is leading to ongoing upwarping and accompanying denudation 
(Ramasamy et al., 2006a).  This arch has displaced rivers and thus, has shifted 
sedimentation; shifting rivers north of the arch further to the north, and shifting rivers 
south of the arch further to the south (Ramasamy et al., 2006a).  This would suggest that 
paleo-channels near the arch may contain past evidence of tsunamis.  In general, the 
southeastern coast of India has been emerging during the Holocene with some local 
exceptions, likely due to high volumes of fluvial sediment deposition (Mohapatra and 
Prasad, 1999).  At Mamallapuram (12.62° N, Fig 2) for example, geomorphic features 
indicate that the existing backwater body lying west of the current beach/dune complex 
was part of the open ocean after the most recent glacio-eustatic rise in sea level, possibly 
occurring in the Holocene (Mohapatra and Prasad, 1999).  The current beach/dune 
complex initiated as a bar at the Palar River mouth after stabilization of the most recent 
glacio-eustatic rise in sea level (Mohapatra and Prasad, 1999).  The absolute dates of the 
timing of the most recent glacio-eustatic rise in sea level on the southeastern coast of 
India are not well constrained.  However, there is some evidence of relatively rapid sea-
level rise in this area in the early Holocene, with only minor changes in the past 7,000 
years (Hashimi et al., 1995; Kale and Rajaguru, 1985; Pirazzoli, 1991; Camoin et al., 




around 6,000 years ago (Bruckner, 1989).  Archeological data suggests that from the 
beginning of the Christian era until the 8
th
 century, Mamallapuram was a flourishing port 
town (Ramaswami, 1989).  Currently, the Shore Temple is at the coastline and represents 
part of that flourishing port town and is referred to by archeologists as part of the Shore 
Temple Complex (Fig. 3).  The lack of archeological data for the location of the port 
suggests it may be submerged, and offshore bathymetry indicates that the Shore Temple 
Complex may extend eastward into the current Indian Ocean (Mohapatra and Prasad, 
1999).  These factors point toward a potential local relative sea-level rise during the past 
1200 years.    Although there is some debate about the archeological history, the coastal 
geomorphology does not indicate any obvious change in the shoreline during the past 














Figure 3. Mamallapuram Shore Temple Complex.  Note lack of a beach berm; photo 





The 2004 Indian Ocean Tsunami—Interactions with Geomorphology 
While most of the beaches in the state of Tamil Nadu were at least partially 
inundated by the 2004 tsunami, landward geomorphic features were affected less 
significantly: Mudflats = 85%, swales = 61%, seaward beach ridges = 26% and landward 
beach ridges = 3% (Ramasamy et al., 2006a).  These numbers indicate that roughly 39% 
of seaward beach ridges acted as maximum inundation barriers for the 2004 tsunami on 
the southeastern coast of India and 74% of landward beach ridges acted as maximum 
inundation barriers when present.  Furthermore, the majority of mudflats and swales were 
affected by the 2004 tsunami.  This information directs paleotsunami researchers towards 
areas of the coast where landward beach ridges are not present or where drainages allow 
the tsunami to bypass the landward beach ridges.  It also suggests that paleo-swales and 
paleo-mudflats may be advantageous locations for preservation of paleotsunami deposits. 
The mouths of multiple rivers were blocked or partially blocked with sand bars as a result 
of the 2004 tsunami inundation.  These rivers included the Kuvam River in Chennai, the 
Adyar River in Chennai, the Pallar River south of Mamallapuram, the Ponnaiyar River at 
Cuddalore, and the Gadilam river south of Cuddalore (Vaidyanadhan, 2005).  These 
barriers were removed by subsequent river erosion within months of the event.  Likewise, 
shoreline erosion was common in many countries but only acted as a short-term change 
on many coasts which recovered within months of the event (Choowong et al., 2007; 
Richmond et al., 2006).  Waterways such as rivers and canals acted as propagating agents 
for the 2004 tsunami waves, allowing them to bypass barriers and inundate further inland 




Earthquakes and Tsunamis in the Indian Ocean Basin 
 At many sites around the Indian Ocean basin, the initial 2004 tsunami wave was 
not the highest amplitude (Merrifield et al., 2005).  For the waves to reach the 
southeastern coast of India in less than three hours they must have had an average 
velocity greater than 450 km/h.  The southeastern coast of India was inundated by three 
waves arriving at five minute intervals (Srinivasalu et al., 2007), the second one being the 
highest amplitude (Chadha et al., 2005).  The second and third waves surged over the 
southeastern Indian coast before the first wave completely retreated (Srinivasalu et al., 
2007).  Tide gauges measured the tsunami wave amplitude as high as 2.17 m near the 
rupture zone immediately following the earthquake, and open ocean heights were 
measured by satellite as 0.60 m two hours after the event (Merrifield et al., 2005).  The 
tsunami waves reached heights of 1.5 m at the tide gauge near Chennai prior to striking 
the southeastern Indian coast (Titov et al., 2005).  The great magnitude of the event 
reached tide gauge heights of 0.2 m in Australia and Antarctica and 0.1 m in Africa and 
South America, though no direct tsunami damage was recorded outside the Indian Ocean 
basin (Titov et al., 2005).  Wave size, orientation and global propagation patterns of the 
2004 tsunami, as measured by tide-gauges, satellite altimetry and model simulations, 
were mainly resolved by direction and intensity of the seismic source (Titov et al., 2005).  
Once outside of the Indian Ocean, mid-ocean ridges acted as topographic waveguides 
focusing and trapping tsunami energy along their path (Titov et al., 2005).  
 The style of motion along the Indo-Andaman plate boundary during the 
December 26
th




northern Andaman Islands is driven by back-arc spreading (Bilham et al., 2005).  Prior to 
the shallow 2004 megathrust, recent seismicity along this plate boundary has occurred at 
deeper depths further to the east: 1847 (Mw = >7.5), 1881 (Mw = 7.9), 1941 (Mw = 7.7) 
(Bilham et al., 2005).  Subsidence during the 2004 event in the Nicobar Islands was 
measured as 1-4 m with accompanying uplift in the Andaman Islands of 1-2 m (Bilham et 
al., 2005).  These measurements are concordant with a down-dip fault width of 150-180 
km and a slip of 7-23 m (Bilham et al., 2005). 
 Before the 2004 event, GPS measurements in the Andaman Islands show a 
convergence rate of 14 mm/year signifying that large earthquakes with comparable slip to 
the 2004 earthquake are unlikely to occur more often than once every 1000 years (Bilham 
et al., 2005).  However, the convergence rate near the epicenter of the 2004 earthquake 
was higher, which yields a recurrence interval as low as 400 years (Bilham et al., 2005). 
 The extent of damage caused by the 2004 Indian Ocean tsunami in far-field sites 
such as India, Sri Lanka and Somalia is without equal in the historical record (Bilham et 
al., 2005; Dominey-Howes, 2007; Kumar and Achyuthan, 2006), and as such, 
unanticipated.  The 1881 Mw = 7.9 Car-Nicobar earthquake generated a tsunami with a 
maximum amplitude in Nagapattinam on the southeastern coast of India (10.76°N)  of 
only 0.90 m, with no recorded damage (Okal and Synolakis, 2008).  In an analysis of 
what types of Sumatra-Andaman ruptures can reproduce tsunamis, Okal and Synolakis 
(2008) modeled worst-case scenario tsunami-generating megathrust earthquakes and their 
potential impacts on far-field sites like India.  Other than the 2004 rupture, only one 




Thus, a tsunami that is capable of deposition on the southeastern coast of India would 
most likely result from the Sumatra-Andaman rupture zone of the 2004 event. 
 Thailand, Sumatra, the Andaman islands and Sri Lanka have records of 
paleotsunamis in the Indian Ocean basin (Jankaew et al., 2008; Monecke et al., 2008; 
Rajendran et al., 2007; Jackson et al., 2008; Rajendran et al., 2013).  Thailand has a 
radiocarbon-dated tsunami-laid sand sheet 550-700 years old and Sumatra has a well-
correlated radiocarbon dated tsunami-laid sand sheet that is 600 years old (Jankaew et al., 
2008; Monecke et al., 2008).  Another potential tsunami occurred around 1000 years ago 
based on radiocarbon evidence from a Sumatran sand sheet that exhibits tsunami-like 
sedimentary features (1000-1200 years old), as well as dead mangrove vegetation and 
peat layers radiocarbon dated 900-1000 years old in the Andaman Islands (Monecke et 
al., 2008; Rajendran et al., 2007).   
 Tsunamis reaching the southeastern Indian coast are rare.  Tide gauges have 
measured four distinct tsunami events between 1881 and December 26
th
, 2004: 1881, 
1883, 1907 and 1941 (Srinivasalu et al., 2007).  However, no geologic evidence has been 
documented for these events in India, which are thus far only recorded in local history.  
Tsunami Sedimentation 
Recent tsunami research shows that tsunami sediments are difficult to characterize 
and exhibit significant spatial variation regionally and between sites (Dawson and Shi, 
2000; Gelfenbaum and Jaffe, 2003; Goff et al., 2004; Richmond et al., 2006; Srinivasalu 
et al., 2007).  In some cases, tsunami deposits have similar characteristics in different 




and Thailand both show normal grading (Monecke et al, 2008; Jankaew et al., 2008).  
These local topographic lows, which produces normal grading due to decreased velocity 
after initial tsunami inundation, create areas of ponded water that, in this case, were 
relatively unaffected by subsequent tsunami backwash.  This example agrees with 
literature that suggests antecedent topography is a major factor affecting tsunami 
sedimentation (Morton et al., 2007).  Even in well studied areas such as Tohoku, Japan, 
the expected limit of tsunami inundation was underestimated as a result of a poor 
understanding of the extent of paleotsunami deposits (Mori et al., 2011; Sawai et al., 
2012).  The 2011 Tohoku event led to over 15,000 deaths in an area where extensive 
tsunami monitoring and countermeasures were in place to reduce inundation potential, 
highlighting the importance of accurate mapping and characterization of tsunami 
deposits. 
Many sandy paleotsunami deposits around the world are relatively easy to 
recognize because they are interbedded with finer-grained, muddy sediments (lagoons, 
peat marshes), representing a sharp difference in depositional energy (Atwater, 1987; 
Monecke et al., 2008; Jankaew et al., 2008).  However, much of India’s southeastern 
coastal plain is composed of fine to medium sand, so defining distinctive sedimentary 
characteristics of tsunami deposits is integral to identifying a sandy paleotsunami deposit 
that is interbedded with sands deposited by other processes. 
In this project, I compared the stratigraphy from the 2004 tsunami to that of the 
underlying layers at 24 sites along the southeastern coast of India (10.4-13° N. latitude).  




average and storm waves, cyclones, and rivers.  As hurricanes and tsunami are both 
major events; there is potential for their sediment deposits to share similar physical 
characteristics.  Although the differentiation of storm and tsunami deposits has been 
discussed generally (Dawson and Shi, 2000; Morton et al., 2007; Nanayama et al., 2003), 
more investigation is necessary to further distinguish between these two types of coastal 
deposits.   
Tsunami and storm deposits are both generally characterized by sheets of sand 
(Dawson and Shi, 2000; Morton et al., 2007).  In vertical stratigraphic sections, criteria 
that may be useful for differentiating tsunami and storm deposits include composition, 
textures, grading, types of stratification and number of lamina (Dawson and Shi, 2000; 
Goff et al., 2004; Morton et al., 2007; Nanayama et al., 2000).  Mud rip-up clasts are 
common in tsunami deposits but rare in storm deposits because storms are longer events 
and the extended agitation disaggregates and diffuses the mud (Morton et al., 2007).  
Mud laminations might be present within and at the top of tsunami deposits, as a result of 
suspended-sediment transport followed by sufficient time between tsunami waves for silt 
and clay to settle out of suspension.  In contrast, storm deposits tend to lack the inner 
mud laminations that result from the constant, fast, nearly unidirectional flow of tsunamis 
(Morton et al., 2007).  Although inverse grading is common in storm deposits, it is 
atypical in tsunami deposits because inundation and backflow of tsunami waves tends to 
involve decelerating flow (Gelfenbaum and Jaffe, 2003; Morton et al., 2007).  Both 
tsunami and storm deposits may be massive or have planar stratification.  Sedimentary 




are also common in storm deposits due to the low flow depths, varying flow velocities 
and mainly bed-load transport characteristic of storms (Morton et al., 2007).   
Regional-scale variation in tsunami sand characteristics can be extreme.  There is 
no single set of diagnostic characteristics that can be applied universally.  Some traits that 
do not consistently differentiate tsunami and storm deposits include sorting, occurrence 
and distribution of heavy minerals and character of the basal contact.  Both storm and 
tsunami deposits can be well to poorly sorted, both may contain heavy-mineral lamina 
because the heavy minerals are source dependent, and basal contacts for storm and 
tsunami deposits are typically sharp and distinct (Morton et al., 2007).  Conversely, some 
studies show that storm deposits are better sorted and lack the erosional boundary found 
in tsunami deposits (Goff et al., 2004; Nanayama et al., 2000). 
Transect-scale characteristics of tsunami deposits that might be diagnostic include 
geometry, landscape conformity, deposit elevation, extent of inundation and sediment 
transport distances (Morton et al., 2007).  These characteristics are dependent upon the 
geomorphology of the site.  The geomorphic characteristics of tsunami deposits are 
strongly related to the sand availability, embayment type, nature of the coast, 
accommodation space and landward environmental conditions such as vegetation and 
topography (Goff et al., 2009).  Interaction with local bathymetry and topography has a 
significant impact on sedimentary characteristics of deposits generated by tsunami and 
storm events and may account for some differences between regions.  However, one 
example of a signature landform made by tsunami waves is a tsunami scour fan (Goff et 




and reworks the dune material to form a fan landward of the dune as a result of oncoming 
flow, or seaward of the dune as a result of backwash.  These fans have been documented 
in Japan, Chile, Kamchatka, and New Zealand (Kitamura et al., 1961; Bourgeois and 
Reinhard, 1989; MacInnes et al., 2005; Goff et al., 2009).  In India these fans had 
associated plunge pools just seaward of the tsunami scour fan.  These plunge pools are an 
erosional remnant of the cut that the tsunami made in the beach ridge and represent a 
zone of no deposition by the inundation of the tsunami wave.  Another consistent 
geomorphic signature of tsunamis is decimeter-scale hummocky topography primarily 
resulting from an erosional contact (Goff et al., 2004; Jaffe and Gelfenbaum, 2007; Goff 
et al., 2009). 
Sedimentologically, tsunami deposits tend to be < 25 cm in thickness (Atwater, 
1987; Dawson and Shi, 2000; Gelfenbaum and Jaffe, 2003; Morton et al., 2007; 
Richmond et al., 2006; Srinivasalu et al., 2007) and drape the preceeding topography 
with broad sheets.  In contrast, some storm surge deposits are > 30 cm thick and form 
thick sand lenses in topographic low spots near the shoreline (Morton et al., 2007).  The 
1993 Hokkaido-nansei-oki tsunami and the 1959 Miyakojima typhoon, which both 
affected northern Japan, show distinct differences (Nanayama et al., 2000).  The storm 
deposits displayed foreset bedding and better sorting than the tsunami deposits 
(Nanayama et al., 2000).  It seems that the only traits that consistently differentiates 
tsunami deposits in different locales is their greater regional inundation distance which 
allow them to transport sediment further inland than most storm deposits, and the 




unique, inland repositories that are removed from tidal influences and reworking from 
subsequent storm events. 
It has been demonstrated that skewness and kurtosis have the potential to aid in 
identifying differences among beach, dune and eolian-flat deposits.  In Texas, eolian flat 
deposits provided uniform mean grain size and very good sorting which was only slightly 
altered after deposition by dune or beach environments (Mason and Folk, 1958).  The 
beach samples had near-symmetrical skewness and were mesokurtic (normally peaked), 
the dune samples were skewed toward fine particles and mesokurtic, the eolian-flat 
samples were fine—skewed and leptokurtic (excessively peaked); the differences in these 
sediments were recorded in only the tails of the grain size curves (Mason and Folk, 
1958).  It is plausible that the high-energy, low-energy contrast that occurs during 
tsunami sediment deposition would lead to predictable kurtosis measurements, and 
possibly aid in identifying tsunami deposits around the world. 
December 26
th
, 2004 Tsunami Deposits Around the Indian Ocean Basin 
Sediments from the 2004 tsunami that were deposited along the Malaysia-
Thailand Peninsula commonly showed normal grading where topography allowed 
waning flow or inhibited backwash (Hawkes et al., 2007).  Coarser, massive sand units 
and one inversely graded sequence represented high-energy uprush flow at other sites 
(Hawkes et al., 2007).  Likewise, two studies in northern Sumatra found normal grading, 
inverse grading and massive units in the 2004 tsunami deposits (Monecke et al., 2008; 
Richmond et al., 2006) and one study of the 2004 tsunami deposits in Thailand found 




largely due to flow patterns that were directed by local topography and offshore 
bathymetry (Richmond et al., 2006).  When grain size data could not distinguish tsunami 
sediment from the pre-tsunami sediment on the Malaysia-Thailand Peninsula, 
foraminiferal grouping could—either the foraminifera were not present in the pre-tsunami 
sand or the assemblage was markedly different in the tsunami sand (Hawkes et al., 2007).  
Overall, tsunami deposits in Sri Lanka, the Maldives and Indonesia were widespread, 
locally variable and thin with no significant geomorphological features being created 
(Richmond et al., 2006).  In Thailand and Sumatra, detection of the 2004 tsunami 
deposits was good in the beach swales where soil is peaty or silty (Jankaew et al., 2008; 
Monecke et al., 2008), as well as on the sandy soils of the beach ridge crests (Jankaew et 
al., 2008).   
Marine diatoms have been used as supportive evidence when identifying 2004 
tsunami deposits (Jankaew et al., 2008; Monecke et al., 2008; Seralathan et al., 2006; 
Srinivasalu et al., 2007).  The 2004 tsunami deposits in Thailand and Sumatra contain 
diatoms, but diatoms are rare in older tsunami-laid sand sheets because of the relatively 
high rate of silica dissolution (Kamatani, 1982) in the hot, wet tropical environments 
(Jankaew et al., 2008; Monecke et al., 2008). 
December 26
th
, 2004 Tsunami Deposits in India 
Identifying tsunami deposits in the stratigraphic record can be troublesome due to 
their proximity to active environments such as floodplains and beaches which reduces 
their preservation potential (Dawson and Stewart, 2007).  Further complicating the 




2000).  These cause overwash events which produce sandy deposits that share many 
characteristics with tsunami deposits. 
In addition to the damage caused by the 2004 Indian Ocean tsunami on the 
southeastern coast of India, it also wrapped around the southern tip of India and struck 
the southwestern coast with considerable force.  Although this caused more than 200 
deaths and about $1 million in damage (Prakash et al., 2005); tsunami sediments 
deposited on the southwestern coast of India have not yet been identified.  Near Chennai, 
run-up ranged from 1-5 meters and inundation reached 300 meters (Prakash et al., 2005).    
On the Cauvery River delta in the south (10.7° N), all of these parameters are 
significantly greater: Inundation was as far as 840m, runup was as high as 8.89m, and 
maximum sand transport distance was as far as 430m (Peterson et al., 2005; Yeh et al., 
2007). 
 The sediment on the southeastern coast of India is derived from 2.6 Ga exposed 
basement granulite known as the Southern Granulite Terrain (SGT) (Balasubrahmanyan, 
2006).  The heavy tropical weathering of the SGT has left quartz-rich sands on the 
southeastern coast of India ranging from ~9ºN to ~13.5ºN latitude (Balasubrahmanyan, 
2006).  The predominantly quartz sand consists of a number of colors including clear, 
rose and purple (Seralathan et al., 2006).  Other minerals present on the beaches of Tamil 
Nadu include a colorless garnet, colorless kyanite and trace amounts of glaucophane, 
actinolite, tremolite, zircon, chlorite, tourmaline, biotite, ilmenite and magnetite 
(Seralathan et al., 2006).  This quartz-rich sand represents the available sediment for 




the northern part of the study area near Chennai.  Moving southward, there is a distinct 
shift in mean grain size into the fine sand fraction as a result of encountering the Cauvery 
River delta which has transported sand further from the source rock relative to the 











 In February 2008, the 2004 tsunami deposits were described and sampled at 
previously documented sites (Srinivasalu et al., 2007; Srinivasalu, personal 
communication, 2008), as well as undescribed sites, to determine the maximum inland 
extent of recognizable stratigraphic layers at those locations (Fig. 2).  Multiple sites that 
had no recognizable 2004 tsunami deposits were visited and documented for location and 
geomorphic context.  Study sites were chosen based on geomorphic setting and 
documentation of previous inundation by tsunami.  A handheld GPS unit was used with 
the WSG84 datum to measure latitude and longitude in decimal degrees at each sampling 
location.   
Cores, auger holes and test pits were excavated at several locations within each 
site to determine the best sites to excavate trenches for more detailed stratigraphic 
descriptions.  The typical pit orientation was parallel to the coast.  Stratigraphy and 
sedimentary structures were described in the field for all deposits: color, density (loosely 
or tightly packed), grain size, roundness, unit thickness, grading, sedimentary structures, 
nature of the contacts between units, and relative moisture.  The following characteristics 
were documented for presence or absence: mafic laminations, roots, anthropogenic 
artifacts, shells, clay rip-up clasts, tsunami debris such as tree limbs, depth to water table, 






Sampling techniques were different for the northern and southern sites (Fig. 2).  
One pit at each northern site was designated for a more detailed stratigraphic description; 
this pit generally had the thickest recognizable tsunami deposit based on field 
observations.  At these detailed pits, multiple samples were taken within the identified 
tsunami sediment at the smallest possible intervals (generally 2 cm), and along 
stratigraphic boundaries such as changes in color and grain size.  These samples were 
retained for grain-size analysis in the laboratory to identify the mean, sorting, skewness 
and kurtosis of the sediment size distributions throughout each deposit.  Multiple samples 
were also taken below the tsunami sediment units, when possible, to contrast the 
sedimentological statistics at each site.  Other pits dug at the same site were described in 
equivalent detail but sampled more modestly, generally one sample within the tsunami 
deposit and one below the tsunami deposit to contrast the tsunami sediment from 
preexisting sediment units.  At least 250 grams (estimated) of sediment was collected for 
each sample to ensure adequate sedimentary analysis and archive enough for reanalysis if 
necessary.  In the southern sites, units were described in detail but sampled very 
modestly: one sample was taken within the tsunami deposit and one sample was taken 
below the tsunami deposit. 
Landward beach ridges, which typically acted as maximum inundation barriers, 
were sampled at some sites to determine whether they contributed sediment to the 2004 
tsunami deposits.  
The 2004 tsunami sand was identified in the field by: 1) abrupt, hummocky lower 





to underlying oxidized sand, and 4) presence of organic material at lower boundary.  
Many deposits lacked mafic mineral laminations and were massive.  There were also 
multiple deposits that lacked organic debris at the lower boundary.  In order to be 
classified as distinct, the tsunami deposits needed to meet 1 and 2 or 1, 3 and 4, or all four 
criteria. 
Study Sites 
 Srinivasalu et al.(2007) documented the sedimentary characteristics at multiple 
sites  a few days after the 2004 tsunami (Sites 5, 6, and 7, Fig. 2).  As part of this study, 
these sites were resampled and redescribed along similar transects in an effort to 
understand if and how the deposits had changed more than three years after the event.  In 
general, these transects were described and sampled for stratigraphy in multiple pits at 50 
m intervals, following the sampling pattern of Srinivasalu et al. (2007).  In some cases, 
the  erosive inland extent of the tsunami was more than 50 m from mean tide level, as 
determined from test pits, forcing the initial pit to be farther inland (for example: 
Mamallapuram pit 1 = 120 m).  When tsunami stratigraphy was unclear, it was also 
necessary to increase the 50 m established interval (for example: Mamallapuram pit 1 = 
120 m, Mamallapuram pit 2 = 200 m). 
Additional sites in different geomorphic settings, for which there is no 
sedimentary data published, were also described and sampled in detail to characterize a 
greater breadth of geomorphic settings and gain better understanding of variation along 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































imagery, provided by the USGS (post-tsunami imagery), as well as Google Earth satellite 
imagery (pre-tsunami imagery), these sites were chosen based on proximity to the coast, 
type of geomorphic environment, absence of anthropogenic influence, apparent tsunami 
inundation (sand sheets, shoreline changes, lack of vegetation) and accessibility. 
Sedimentary Analysis 
 
 A total of 160 samples were collected in the field for sedimentological analysis.  
All samples were analyzed except for 1-4, and 67-70 (Mamallapuram samples that were 
not part of the final transect analyzed in this study) and 103 (confiscated at customs for 
containing roots).  Grain-size analysis was conducted using a Malvern Mastersizer 2000 
laser particle-size analyzer.  This instrument is capable of producing results with total 
uncertainty of less than 6%, compared to sieve and pipette methods which may record 
error greater than 40% (Sperazza et al., 2004).  The Mastersizer measures the average 
size of each grain in three dimensional space using water as a medium.  In addition, 
conventional sieving was used at Mamallapuram to establish a comparison with the laser 
particle-size analyzer results because Srinivasalu et al., (2007) used the wet sieve method. 
 Each sample was prepared by splitting and sonication.  Splitting was done by 
simple mixing and cutting into equal portions to reduce sample size without introducing 
sampling bias.  Mixing was done by hand and the sediment was cut into equal portions, 
using a knife, into teaspoon-size portions adequate for Mastersizer analysis.  In order to 
disaggregate grains, sediment samples were sonificated while the sediment was in the 
Mastersizer 2000.  Without sonication, median grain size might be overestimated because 





might result in fracturing of primary grains and yield an underestimation of mean grain 
size (Sperazza et al., 2004).  To reconcile these two end members, the duration used in 
this project was 60 seconds, which has been demonstrated as the ideal sonication time for 
the Mastersizer 2000 (Sperazza et al., 2004).   
 Every sediment sample has its own unique combination of optical laser properties 
due to the relative abundance and types of minerals.  To resolve unknown optical 
properties of each sample it is necessary to test for the most reproducible results.  In this 
study, most samples consisted of >90% quartz which allowed the use of uniform optical 
properties across all samples.  The most reproducible index of refraction was 1.52, and 
the most reproducible absorption was 0.1.  These properties make sense because quartz 
has been documented as having an index of refraction of 1.54 (Wenkh and Bulakh, 2004) 
and a completely transparent substance would yield an absorption of 0.0. 
 Machine parameters affecting grain size results include pump speed, stirrer speed 
and laser obscuration.  The pump speed range of the Mastersizer 2000 is 0-2500 rpm to 
account for differences in particle size, density and sample reservoir volume.  Fine-
grained sediment has been documented to achieve the most stable results for pump speed 
between 1800 and 2300 rpm (Sperazza et al., 2004).  This project utilized the higher 
range of this stability field (2100 rpm) to ensure particle entrainment, because the 
dominant grain size of most samples was medium sand.  The stirrer speed range for the 
Mastersizer 2000 is 0-1000 rpm.  The stirrer assists with particle entrainment in the 
sample bath.  Should the stirrer be set too low, not all of the particles will entrain and 





affect the outcome of grain size analysis.  It was observed that all particles were entrained 
and stable results were recorded when the stirrer speed was set to 750 rpm.  Laser 
obscuration is the percentage of light obscured by the suspended sample as it passes in 
front of the laser.  While low values of 5-10% obscuration returned variable results, very 
high reproducibility was achieved with higher obscuration values of ~20%.  Grain size 
results reported in this study were the average of three successive laser diffraction runs.  
The use of multiple runs allowed inspection for reliability of the results and reduction of 
error associated with machine parameters.  Potential sources of error include: the 
introduction of air bubbles from the pump speed being too high, machine spikes or other 
mechanical problems.  The precision of the three runs was very high for all samples (~1% 
variability) indicating the use of reproducible machine parameters. 
 The Malvern software calculates the percentage of grains at set micron intervals.  
To use standard grain size statistics, it was necessary to convert microns into phi units.  














 percentiles were transferred into a 
Microsoft Excel spreadsheet and calculated into Krumbein phi units (φ) using –Log2.  
The phi units are a logarithmic scale defined by: D= D02
-φ
, where D is the diameter of a 
given particle and D0 is a reference diameter equal to 1 mm.  The finest sand is 
represented by 4.00 φ and the coarsest sand equals -1.00 φ.  In the below equations, φ16 
is the 16
th
 percentile grain size—i.e. 16% of the sample grains are larger. The mean, 
sorting, skewness and kurtosis of each sample were calculated after Prothero and Schwab 
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Representative samples from the most convincing tsunami deposits 
(Thiruvadandhai, Mamallapuram, Kallar) and some potential tsunami deposits that were 
difficult to identify in the field (Aalikuppam, Cuddalore) were observed using a binocular 
microscope.  Documented characteristics included roundness, shape, grain surface 
textures, presence or absence of clay coatings, relative mineral content and presence or 
absence of microfauna.  A petrographic microscope was used to search for presence or 
absence of diatoms.  Samples were prepared for diatom analysis by splitting a teaspoon-
sized sample into a centrifuge tube and filling it with water 2cm above the sediment level.  
The samples were put into the centrifuge at 3500rpm for 10 minutes and then decanted.  
The centrifuge/decant process was repeated, and then a small portion of the sample was 





Optically Stimulated Luminescence Dating 
 
 Optically stimulated luminescence (OSL) dating is a method of measuring the 
time elapsed since sediment was last exposed to daylight (Murray and Wintle, 2000).  
Because tsunami deposits bury a large area in a very short period of time, OSL dating of 
sediments immediately underlying or within the tsunami deposit can result in accurate 
timing of tsunami events.  To obtain an effective date with this method, the sediments 
being dated need to have been adequately exposed to daylight in their last years before 
burial.  Exposure can be achieved through multiple processes including wind, tidal 
currents, waves and bioturbation.  OSL dating has been shown to effectively date 
tsunami-laid sands when these conditions are met (Ely et al., 2010; Eipert, 2004; Huntley 
and Clague, 1996).    
  OSL samples were collected at ten different locations.  These samples were 
chosen based on different observations at field sites such as relative soil development 
(goal was to test older samples so we searched for well-developed soils), type of 
geomorphic environment, least disturbed sediment, preservation of the 2004 tsunami 
deposit and latitudinal location along the coast.  All samples were taken from sediments 
underlying the 2004 tsunami deposits.  Sites and sampling depth were chosen based on: 
high level of preservation of 2004 tsunami deposits, minimal bioturbation or oxidation, 
and representation of a variety of geomorphic settings.  Sampling was done as 
recommended by the Utah State University OSL lab: 1) 1.5" x 8" metal tubes were gently 
hammered into the pit, at the desired depth, until the tube was completely full and packed 





a 1-quart zip lock bag was filled halfway with sediments surrounding the metal tube for 
environmental dose rate analysis, 4) the tube was carefully extracted and the ends were 
packed with extra sediment before being capped and taped shut.  Detailed descriptions 
were sent in with the OSL samples which included: depth, latitude, longitude, elevation 






RESULTS AND DISCUSSION 
Geomorphology 
 One of the objectives of this study was to categorize tsunami deposit 
characteristics based on their general geomorphic setting.  Based on field observations, 
five major geomorphic settings that preserved the 2004 tsunami deposits on the 
southeastern coast of India were described and sampled in this study (Table 1): 
1. Coastal plain landward of a gradually sloping beach with little to no seaward 
beach ridge (Figure 4). 
2. Breached coastal beach ridges (Figure 5).  These sites were breached in places by 
the 2004 tsunami, which took the path of least resistance and cut channels into the 
pre-existing topographic lows of the beach dunes.  These breaches have been 
referred to as tsunami scour fans (Kitamura et al., 1961; Bourgeois and Reinhart, 
1989; MacInnes et al., 2005; Goff et al., 2009).  In our study area, these fans were 
built on the landward side of the scour as a result of inflow.  In a 15 km north-
south coastal section located south of Chennai, the 2004 event created 20 of these 
breaches.  This study analyzed three of these in detail: Thiruvadandhai, 
Vadanemelli and Mamallapuram (Fig. 2, Table 1). 
3. River floodplains (Figure 6). 
4. Tidal lagoons and associated barriers (Figure 7). 



























Figure 4. Geomorphic Category 1 at Mamallapuram.  This type of beach setting 
had well-preserved tsunami deposits. 
 Figure 5. Geomorphic Category 2 at Thiruvadandhai.  Dune and accompanying 



























Figure 7. Geomorphic Category 4 at Muttukaddu.  A distinct sand layer in 
the lagoon sediments where the photo was taken (view to north at star on 
inset Google Earth satellite image) was probably deposited by the 2004 
tsunami.  The tsunami likely traveled through the inlet north of the 
photograph location to deliver its sediment load. 
 
Figure 6. Geomorphic Category 3 at Aalikuppam.  The inset image 
(Google Earth) delineates photo location (view to south at star) and 





Further satellite imagery of the geomorphology of the study sites can be found in 
Appendix C, Figures C1, C2 and C3. 
Table 1 shows all the sample sites and their corresponding geomorphology and 
describes the relative preservation potential of tsunami deposits at each geomorphic site.  
The overlying tsunami deposits are most often differentiated by the presence of mafic 
mineral laminations and a light tan color, while the underlying units were oxidized red 
and usually massive (lacking stratification).  In some cases the underlying units were also 
laminated and there was a zone of red and gray mottling suggesting oxidation and 
reduction, potentially from a fluctuating water table.   
The following section contains descriptions of the geomorphic characteristics of 
the sites listed in Table 1.  The descriptions are ordered by latitude, from north to south 
and separated into the northern group and southern group (Fig. 2).  The differentiation in 
the grouping is primarily attributed to a distinct grain size shift.  In addition, the northern 
sites generally had a more established seaward beach ridge, and the tsunami waves had 
lower overall inundation distance inland and lower runup heights relative to the southern 
sites (Peterson et al., 2005).  An example stratigraphic column and accompanying 
photograph are shown below (Figures 8, 9).  Refer to the following appendices for 
detailed data from each site: Appendix A = stratigraphic descriptions and stratigraphic 
columns; Appendix B = grain size data; Appendix C =  photographs of the study sites and 














Kallar Pit 2—160 meters inland; February 24, 2008 
 




0-10 cm = White; loose; massive, fine sand; 
subrounded; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; distinct lower boundary, abundant 
roots. 
 
10-24 cm = White; loose; laminated, fine sand; 
subrounded to subangular; 75% quartz, 5% feldspar, 
20% laminated dark mafic minerals; distinct, 
undulating lower boundary. 
 
24-43 cm = Red; moderately dense; mottled, fine 
sand; subrounded; 90% quartz, 5% feldspar, 5% dark 




































Geomorphic Descriptions of Northern Study Sites 
 Pulicat Lagoon fits into geomorphic category 4 and is characterized by a large, 
shallow lagoon that is separated by a barrier from the Bay of Bengal (Fig. 2).  Pulicat 
Lagoon is the northernmost site in this study, straddling the border of the state of Tamil 
Nadu to the south and the state of Andhra Pradesh to the north.  The lagoon is up 
to 18.5 km by 60 km in area.  The average depth of the lagoon is about 1 meter.  The 
coastal barrier dune ranges between 0.5 km and 2.5 km wide.  The sandy islands Irkam 
and Venad are aligned north to south in the northern part of the lagoon, effectively 
dividing it into distinct east and west sections.  These islands rise only a few meters 
above the active lagoon, and are composed of tan, medium-sized sand.  Witnesses 
recount that the 2004 tsunami inundated the entire lagoon and formed a sandy barrier 
over the inlet, which was quickly removed by tidal processes.  Trenches were dug on the 
sandy barrier islands and on the coastal dunes on the landward shore at Pulicat Lagoon, 
however they revealed only homogenous, massive tan sand.  Tsunami deposits were not 
identified at this site. 
 Karikattakuppam is a small town located at 12.83º N.  This town is on a beach 
ridge within meters horizontally and vertically of the active beach and was abandoned 
shortly after the tsunami inundated and destroyed most of the homes there.  There is a 
very narrow beach ridge that the tsunami overtopped, placing this site in geomorphic 
category 1.  The tsunami was funneled between two man-made walls and traveled at least 
300 meters inland, tearing off the kitchen wall of a house as it passed (Fig. C4).  A 




tsunami deposit (Fig. C5).  Local residents said that this clay was used for agricultural 
purposes before the tsunami struck. 
Muttukaddu is located at 12.79º N.  This site is a lagoon separated from the coast 
by a barrier and is about 1.5 km inland from the active beach zone, fitting into 
geomorphic category 4.  This lagoon is about 0.5 km wide and greater than 20 km in 
length (north to south along the coastline).  This site is unique in that the tsunami was 
able to reach much  
further inland, using the lower resistance of the lagoon as a means of propagation.  
Digging pits on a mudflat adjacent to the lagoon water we sampled from a spot 1.5 km 
inland from the Indian Ocean and encountered a distinct sand layer, probably deposited 
by the 2004 tsunami (Fig. C6).  The preservation potential in a lagoon setting such as 
Muttukaddu is primarily dependent on sea-level fluctuation.  The long distance inland to 
this site also helps to remove this location from waves and tides that might affect sites in 
geomorphic categories 1, 2 and 3.  
Kovalam is a town located at 12.79ºN.  This area has a small, indistinct beach 
berm that the tsunami passed over on the way into the town.  This site fits into 
geomorphic category 1.  The beach has a distinct rocky point and small cove just north of 
it.  Locals account that the cove and accompanying rocky point were not exposed prior to 
the tsunami, but were a result of tsunami erosion of sand.  Prior to the event this area had 
a relatively straight section of beach.  We sampled a small beach swale that local 




sand deposit underlain by a organic-rich zone 15 cm down from the surface, which 
represents the pre-tsunami surface vegetation (Figure A14). 
The Thiruvadandhai site, located at 12.75º N has a high seaward beach ridge that 
rises about 6 meters above the active tidal zone.  The 2004 event left a distinct breach in 
the seaward beach ridge, and just landward of the breach is a tsunami scour fan (Fig. C7) 
created by the tsunami, placing this site in geomorphic category 2.  Landward of the 
coastal dune is a flat plain that extends 300 meters inland until it encounters the 
paleobeach dune that rises about 10 meters above the flat plain.  The thickness of the 
presumed tsunami sand layer at the top of the sections at this site was highly variable 
over a short lateral distance, and represented some of the thickest deposits identified at 
our northern sites, reaching a thickness of 32 cm (Fig. C8).  Because of the thickness and 
distinctness of the candidate tsunami deposits at this location, Thiruvadandhai is a site 
that we sampled in greater detail, completing a transect that extended from the tidal zone 
to the distal extent of these deposits at 300 meters inland. 
 Vadanemelli is located at 12.73º N.  The general geomorphology mirrors 
Thiruvadandhai, having a high seaward beach ridge that rises about 6 meters above the 
active tidal zone.  This dune was breached and has an accompanying tsunami scour fan 
(Figure C9), placing this site into geomorphic category 2.  Landward of the coastal dune 
is a flat plain that extends approximately 350 meters inland until it encounters the 
paleobeach dune that rises about 10 meters above the flat plain.  A distinct tan sand 
overlies red sand at this location, indicative of the probably 2004 tsunami deposit.  There 




representing the pre-existing surface vegetation.  The scour fan at this location was 
somewhat smaller compared to the plunge pool at Thiruvadandhai. 
 Mamallapuram is located at 12.61º N (Figures 10, 11).  This site has a relatively 
short seaward beach ridge (< 2 meters) that was breached by the tsunami and left an 
accompanying tsunami scour fan and plunge pool (geomorphic category 1).  The flat 
plain landward of the seaward beach ridge extends 600 meters inland until it reaches a 
second, landward beach ridge that rises about 6 meters above the flat plain.  We were 
able to trace a surface sand layer, interpreted as the 2004 tsunami deposit, 600 meters 
inland at this location until it pinched out against the landward beach ridge (Fig. C10).  
We completed a detailed transect at Mamallapuram in an attempt to statistically 
differentiate the tsunami sand and determine whether and how the deposits vary with 
distance inland. 
 Aalikuppam (12.44º N) is located along the Palar River floodplain, placing this 
site into geomorphic category 3 (Figures 6, C11).  The Palar River is up to 100 meters 
wide within 100 meters of the Bay of Bengal, but narrows to just 10 meters across as it 
encounters the Bay of Bengal.  Local residents stated that the tsunami traveled 7 km 
upstream, adjacent fields had standing water in them for 3 months after the 2004 tsunami 
struck and that the mouth of the river was temporarily blocked by sand, which allowed 
muddy water and sand to remain in the stream channel for weeks before the sand plug 
was eroded away.  Upon arrival at the site in February, 2008 the mouth of the river was 
unblocked and the river flowed freely to the ocean.  There is a series of three coastal 




The swales between the ridges had still-water marks on them in the form of flotsam 
(Figure C4).  We took sediment samples from each swale.  On the south side of the river, 
we dug a trench into a well-formed terrace that was only a couple of meters above the 
active river.  This trench showed a distinct sand layer with a clear lower boundary 
(Figures A24, C12).  We noted abundant, thin mafic mineral laminations at the seaward 
beach ridge at this location, but very few mafic minerals or laminations in the tsunami 
















Figure 10. Stratigraphic column and description of Mamallapuram Pit 3 
 
Mamallapuram Pit 3—250 meters inland; February 13, 2008 
 
0-8 cm = Red-tan; loose; thin dark mineral 
laminations; medium tsunami sand; subrounded to 
subangular; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; distinct, hummocky lower boundary. 
 
8-21 cm = Black; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
contains abundant organic material; distinct lower 
bondary. 
 
21-66 cm = Dark red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
95% quartz, 5% scattered mafic minerals and 

















Clay or Silt 
















Figure 11. Photograph of Mamallapuram Pit 3.  Trowel is placed at the 





Geomorphic Descriptions of Southern Study Sites 
Cuddalore is located at 11.74º N and represents the approximate midpoint of all 
sites analyzed in this study.  This site is the northernmost representation of a distinct 
grain size change observed at the southern sites in this study.  All sites south of and 
including Cuddalore had markedly finer grain sizes than the northern sites.  Silver Beach 
at Cuddalore is a popular tourist and recreational destination located just north of the 
mouth of the Gadilam River, fitting this site into geomorphic category 3.  There was a 
distinct, heavily vegetated river terrace near the town of Cuddalore with a preserved sand 
layer interpreted to be the 2004 tsunami deposit, in the form of dark tan sand with a 
distinct lower contact overlying preexisting gray sand (Fig. A25).  There were abundant 
roots in the massive sand layer and minimal mafic minerals. 
Tranquebar is located at 11.02º N.  This area of beach has been eroding recently, 
evidenced by a near vertical scarp in the seaward beach ridge, which is being actively 
eroded by waves and tides.  We dug a pit in a small lagoon that was about 100 meters 
landward from the mean swash zone separated by a barrier (Geomorphic Category 4).  
There was a distinct sand layer interpreted to be the 2004 tsunami deposit at Tranquebar, 
but it was not possible to trace the deposit inland at this location.  The massive sand layer 
had abundant roots and was light tan  with clay rip-up clasts and a diffuse lower contact 
overlying a heavily oxidized sandy clay. 
Karaikal is located at 10.91º N.  This area has a wide, low lying beach with little 
to no seaward beach ridge, placing it into geomorphic category 1.  Pit 1 at this location 




Between 15 and 20 centimeters depth there was a distinct clay unit (Fig. C14).  The clay 
was likely ripped up and deposited by the 2004 tsunami as it overlies an organic-rich 
layer interpreted to be the preexisting surface vegetation.  The interpreted 2004 tsunami 
deposit has a hummocky lower boundary, overlying a mottled gray and red laminated 
sand.  Though the interpreted tsunami deposits are distinct, the long-term preservation 
potential in this area is questionable due to the close proximity to the water table 
(oxidation and reduction) and swash zone (reworking). 
Kallar is located at 10.73º N.  This location is on a flat coastal plain with a mid 
Holocene beach ridge located about 500 meters inland of the current active beach.  This 
site falls into geomorphic category 1, because of no discernible near-shore beach ridge.  
At this location we focused on trenching behind the landward beach ridges that might 
have offered protection from past storm or tsunami surges, thus increasing preservation 
potential.  This location preserved a very distinct tan, laminated sand, interpreted as the 
2004 tsunami deposit. It overlies a red massive sand (Figures 8 and 9) with an abrupt 
contact between them indicative of an erosional boundary.  This area is actively farmed, 
so even though some areas have remained unfarmed since the 2004 event, it is possible 
that out sampling site will be farmed again, thus disturbing or destroying sedimentary 
evidence of the 2004 tsunami. 
Vailanganni is located at 10.68º N.  The Vellayar River enters the Bay of Bengal 
just south of the city (geomorphic category 3).  The town is located on a small section of 
what is a large coastal plain, extending multiple kilometers inland.  One well-formed 




deposits, because it is removed from waves, tides and active fluvial processes.  We dug 
three different pits at Vailanganni and each one was different.  The tsunami deposits were 
not easy to decipher, and the heavy mottling from the fluctuating water table potentially 
masked the true tsunami boundary (Fig. C15).  Each pit had a different stratigraphic 
signature and there were no definitive tsunami boundaries.  Pit 1 had an organic zone 
between 71 and 79 centimeters, which was the most likely lower boundary of the tsunami 
deposit in that location (Figure A24).  Pit 2 had tan sand as deep as 84 centimeters, 
indicating the most likely depth of the tsunami deposit (Figure A25).  Pit 3 had 
laminations between 50 and 58 centimeters and a diffuse hummocky lower boundary 
indicating a possible lower boundary of the tsunami deposit at 58 cm (Figure A26).  Sand 
above the laminations was heavily mottled and dark red in most places.  All of these pits 
were within 100 meters of each other.  The great variation in the thickness of the tsunami 
deposit candidates adds to the uncertainty of the identification of tsunami deposits at this 
location. 
 Puthupalli, located at 10.58º N, has a small seaward beach ridge and manmade 
canal that runs within a couple hundred meters of the active tidal zone, placing this site 
into geomorphic category 1.  About 500 meters from the coast, the swale behind a 
landward beach ridge provides a potential repository for the 2004 event.  We dug a trench 
in the swale about 20 meters west (landward) of this beach ridge and found a distinct 
candidate for the 2004 tsunami deposit, consisting of tan, laminated sand over red, 




potential to preserve the 2004 tsunami deposits, because it is removed from waves and 
tides. 
 Vilundamavadi is located at 10.54º N.  This site has a relatively large seaward 
beach ridge that is about 10 meters high.  The tsunami was able to erode this ridge and 
deposit within an agricultural field.  One pit we dug here was on a scour fan landward of 
a plunge pool that was within a few meters of the seaward beach ridge.  This scour fan is 
reminiscent of the plunge pools we found in the northern study sites and represents the 
only site in Geomorphic Category 2 that we documented in the southern sites.  This is 
also the only geomorphic environment that mirrors the tall coastal beach ridges at the 
northern sites where these plunge pools were found.  Just as in the northern sites, this 
scour fan exists landward of the beach ridge, making it a result of inundation.  This site 
contained a distinct, tan, laminated sand with an abrupt lower boundary overlying red 
sand, indicative of a tsunami deposit with an erosive base (Figure A39, A40).   
We also sampled a Holocene coastal dune at this location.  The ridge’s 
preservation was aided by the stabilizing effect of palm tree roots.  We took an OSL 
sample at the base of the ridge to gain a better understanding of the relative stability of 
the coastline in the southern part of the study area.  An old OSL age might indicate an 
eroding shoreline while a young one may indicate rapid deposition and progradation.  A 
prograding shoreline provides a better potential repository for paleotsunami deposits 
because subsequent deposition would bury and preserve the tsunami deposit in a position 




Pushpavanam, located at 10.49º N, has a relatively topographically low seaward 
beach ridge with a long, wide overwash plain, fitting this site into geomorphic category 1.  
Local residents stated that the 2004 event traveled about 1 km inland over this broad, 
low-lying coastal plain.  Since then, farmers have planted casuarina trees that have 
reworked and disturbed many of the deposits in this area.  Outside of the casuarinas grove 
there was a distinct tan, laminated sand over a reduced gray clay (Figure A22) that we 
interpreted as the 2004 tsunami deposit. 
 Vedaranyam is located at 10.37º N.  This active coastal plain had no 
distinguishable  seaward beach ridge (geomorphic category 1) and contained a mudflat 
which was a few centimeters lower than the adjacent beach sands.  We dug a pit within 
the mudflat and found a distinct tan sand deposit  overlying clay deposits.  This mudflat 
was the only site in the study that had obvious deposition after the presumed 2004 
tsunami deposit in the form of gray clay overlying the tan sand layer (Figure C16).  It is 
expected that the clay deposition on top of the tsunami deposits could act as a buffer and 
waves and tides and provide a better chance of preservation and future identification. 
Stratigraphic Thickness 
 The measurements of the thickest interpreted tsunami deposits at the northern 
sites were somewhat less on average than for the tsunami deposits at the southern sites 
(Fig. 12, Fig. 13).  The average thickness of the thickest deposits (n = 8) we trenched at 
each site in the north was 15 cm and the average thickness of the thickest deposits (n = 9) 
we trenched at each site in the south was 32 cm.  Even with the 79-cm-thick outlier at 




cm.  Cuddalore (11.74°N) is the northernmost of the southern sites, for purposes of this 
analysis.  It is interesting to note that the tsunami scour fan sites (geomorphic category 2) 
included northern sites Mamallapuram (32 cm thick, 12.62°N; Fig. 12) and 
Thiruvadandhai (32 cm thick, 12.75°N; Fig. 13),  as well as southern site Vilundamavadi 
(28 cm thick, 10.54°N), which all had similar thicknesses.  These represent some of the 
thickest deposits we found.  Vadanemelli was another scour fan site, but had significantly 
different results (9 cm thick, 12.73°N).  This is largely because the pit we sampled at 
Vadanemelli was not taken along a transect (as was the case for Mamallapuram, and 
Thiruvadandhai) and was dug closer to the tsunami plunge pool.  The data at 
Mamallapuram and Thiruvadandhai leads us to expect the deposit at Vadanemelli is 
thicker landward of the pit we analyzed in this study.  It is important to note that, where 
present, the terminal topographic barriers to tsunami inundation in many of our study 
sites were landward beach ridges.  There were also multiple locations in the southern 
sites that did not have recognizable terminal barriers, and no transects were analyzed to 




 We did not investigate the differences in the bathymetry of the shoreline or 
sediment sources between the northern and southern sites, but both could affect tsunami 
deposit thickness.  We did document a difference in thickness related to geomorphic 
settings and inundation distance (Table 1).  In the northern sites, shorter inundation 
distances were related to 1) relatively taller (over 2 meters) beach ridges; and 2) terminal 
barriers that were closer to the shoreline.  This geomorphic configuration blocked the 
tsunami, resulting in shorter inundation distances (Fig. 13).  Two examples of near-shore 
barriers were the seaward beach ridges at Thiruvadandhai and Mamallapuram which had 
two of the thickest deposits in the northern sites.  They were both located behind seaward 
beach ridges that yielded tsunami scour fans.  In contrast, barriers to tsunami inundation 
were rare in the southern sites.  Inundation distance and run-up height were greater in the 
Figure 12. Interpreted tsunami deposit thickness variation versus latitude.  This figure 
is plotted by geomorphic category.  The thickest deposits from each sample site are 



































southern sites (Fig. 2) which allowed us to document tsunami deposits further inland, and 
overall thicknesses were greater (Fig. 13).  
  
Transect Profiles of Tsunami Sediment Thickness 
We measured sediment thickness along transects at Mamallapuram, 
Thiruvadandhai, Aalikuppam and Karikattakuppam, which were all in the northern 
group.  The tsunami deposits at Mamallapuram were recognizable based on their mafic 
mineral laminations, erosive, hummocky lower boundary, relative lack of soil 
development, light tan color relative to underlying structureless red sand and traceable 
extent inland and laterally along the coastal plain.  Mamallapuram had a short (less than 2 
meter) beach ridge with a landward coastal plain and Thiruvadandhai had a relatively 
taller (> 2 meters) beach ridge in front of a coastal plain (Table 1, Fig. 4, 5, 16, 17).  
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16, C11).  Karikattakuppam was located behind a short beach berm on a well vegetated, 
flat coastal plain (Fig. 17, C4).  Although Mamallapuram had a tsunami scour fan, the 
first pit in our transect was landward of the feature.  Figure 14 shows the rapid decrease 
in deposit thickness with distance inland at Mamallapuram.  A similar pattern was 
observed at Thiruvadandhai (Fig. 15) beginning with Pit #3.  Pits #1 and #2 were seaward 
of the tsunami scour fan so we would not expect to find thick deposits at these locations. 
 The tsunami deposits at Thiruvadandhai were recognizable based on their mafic 
mineral laminations, erosive, hummocky lower boundary, relative lack of soil 
development, light tan color relative to underlying structureless red sand and traceable 
extent inland and laterally along the coastal plain.  The change in thickness (thinner 
deposits at 50 m and 100 m vs 150 m) at Thiruvadandhai (Fig. 15) indicates that the zone 
of maximum erosion at this geomorphic setting is at the leading edge of the tsunami 
scour fan.  Likewise, the thickness change with inland distance at Mamallauram and 
Thiruvadandhai indicate the zone of maximum deposition is landward of the tsunami 
scour fan location.   The tsunami was able to carry recognizable sand 200 meters further 
inland at Mamallapuram.  This difference was largely because of a lower elevation 
seaward beach ridge coupled with a landward beach ridge located around 520 m inland, 
which represented the terminal barrier to tsunami inundation.  At Thiruvadandhai the 
higher elevation seaward beach ridge coupled with a landward dune that was only 300 
meters inland resulted in lesser overall inundation values. 
 There is no correlation between deposit thickness and inundation distance in the 




Aalikuppam was variable, indicating that there was also no correlation of tsunami 
sediment thickness at this site.  The Palar River produced a substantial variations in 
tsunami wave dynamics, allowing it to inundate further inland than at other locations and 
concentrate flow into dune troughs.  The only mafic mineral laminations we noted at 
Aalikuppam were in the pit 100 meters landward of the shore (Pit 4, Fig. A24).  All other 
tsunami deposits were identified based primarily on sand color, an erosional lower 
boundary and lack of soil development.  However, there were many mafic mineral 
laminations documented at the beach berm (Fig. C13).  Thus, it is presumed that the 
tsunami inundation picked up additional river sediment that was deposited at the 150 
meter and 200 meter locations. 
The thickness profile at Karikattakuppam showed a direct, negative correlation 
with inundation distance until 200 meters (Fig. 18).  Although no distinct change in 
topography was noted, the thickening at the most landward Pit #4 at 250 m could be due 
to local flow variation or small-scale topographic changes.  This location was heavily 
vegetated, but tsunami wave energy was sufficient to remove the walls of nearby 
buildings (Fig. C4).  This location had a distinct tsunami deposit of tan laminated sand 
erosively overlying a dark, organic-rich sand; the two units were separated by a sharp 
irregular contact.  There has been heavy vegetation growth on the tsunami sand deposits 
where we sampled.  We noted that roots had destroyed the near-surface sediment 
structures and increased the rate of soil development, but they had not yet altered tsunami 






























































Distance Inland (m) 
Pit #3 
Figure 15. Interpreted tsunami thickness at Thiruvadandhai transect.  
The candidate tsunami deposit was measured at locations along the 
Thiruvadandhai transect.  Zero distance inland represents the mean 
swash zone.  Tsunami scour fan deposition starts at 150 meters inland 





































Distance Inland (m) 
Figure 14. Interpreted tsunami thickness at Mamallapuram transect.  The 
candidate tsunami deposit was measured at locations along the 
Mamallapuram transect.  Zero distance inland represents the mean swash 
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Figure 17. Interpreted tsunami thickness at Karikattakuppam.  The 
candidate tsunami deposit was measured at locations along the 






































Distance Inland (m) 
Figure 16. Interpreted tsunami thickness at Aalikuppam.  The candidate 
tsunami deposit was measured at locations along the Aalikuppam 




Field Observations of Candidate Tsunami Deposits 
The deposits that we interpreted as derived from the 2004 tsunami were most 
often delineated by numerous mafic mineral laminations proximal to the coastline and 
were light tan in color, while the underlying units were oxidized red and usually 
structureless.  There were a few locations where the mafic laminations were concentrated 
in specific intervals within the inferred tsunami deposits.  At Mamallapuram, the 
laminations were concentrated near the bottom of the unit (Fig. C10).  At 
Thiruvadandhai, the laminations were concentrated near the surface, with faint 
laminations near the middle of the candidate tsunami sand (Fig. C8).  At Vedaranyam, in 
the south, the laminations were located throughout the deposit vertically (Fig. C16).  
There were no shells noted at most of our pits, with the exception of the tidal lagoon at 
Muttukaddu, which had trace shells within and below the tsunami deposit (Fig. C6).  
Select samples from the candidate tsunami sediments at Mamallapuram were prepared in 
the laboratory for diatom analysis, but a cursory examination under the microscope did 
not indicate the presence of any diatoms. 
 The sedimentary units underlying the candidate 2004 tsunami deposits were 
commonly mottled red and gray, suggesting both oxidation and reduction.  Being close to 
the water table, it is assumed this characteristic is a result of water table fluctuation.  At 
most sites, there was some degree of soil development on the surface buried by the 
candidate tsunami deposits, evidenced by fine-grained organic material, vegetation and 
occasional bioturbation.  In some cases, when soil development was limited because of 




tan.  The only key identifier of tsunami deposits in these locations was the presence of 
erosional features such as a hummocky lower boundary or clay rip-up-clasts (Figures 
C14, C16).  There were multiple sites where no clear tsunami boundary could be 
delineated.  In most cases, these were southern sites and the candidate tsunami deposits 
were very close to the water table. 
Grain Size Statistics 
 In order to differentiate the candidate tsunami deposits at different sites in the 
field we had to identify erosive features at the lower boundary, color variations, and 
mafic mineral laminations within the tsunami deposits.  Erosive features were more 
easily identifiable in the southern sites where there were few barriers to inundation.  In 
some cases, it was not possible in the field to positively identify which sedimentary unit 
had been deposited by the tsunami.  This section is intended to better categorize the 
candidate tsunami deposits based on their sedimentary statistics.  Table 2 shows a 
summary of relevant statistics for different groupings of samples. 
In the laboratory we analyzed 151 samples for grain size and then calculated 
sorting, skewness and kurtosis.  The average grain size of the tsunami samples in the 
south was substantially less than that in the north—2.25φ and 1.14φ, respectively 
(Figures 18, 19; Table 2).  The most likely influencing factor in the r grain size of the 
southern sites is the general coastal geomorphology, which is intimately tied to the 
Source of the sediment (Fig. 18).  Regionally, the Cauvery River system present in the 
southern study sites has brought sediment over a farther distance from the Precambrian 





















southern study sites with the possible exception of Cuddalore lie within the ancestral 
Cauvery River delta, as seen on satellite images (Fig. 2).  Six out of eight northern sites 
have distinct seaward beach ridges within a few meters of the current swash zone that 
were able to act as barriers to the 2004 tsunami.  In the south, the general geomorphology 
TABLE 2. GENERAL GRAIN SIZE STATISTICS 
Type Mean φ Sorting φ Skewness Kurtosis 
All Tsunami North 1.14 0.69 0.04 0.95 
All Non-tsunami North 1.23 0.73 0.06 1.02 
All Tsunami South 2.25 0.74 0.09 1.03 
All Non-tsunami South 2.38 0.87 0.16 1.28 
     
Geomorphic Category 1  
Tsunami North 1.19 0.68 0.04 0.86 
Non-tsunami North 1.35 0.70 0.05 0.93 
Tsunami South 2.26 0.64 0.02 0.75 
Non-tsunami South 2.47 0.57 0.06 0.60 
     
Geomorphic Category 2 
Tsunami North 0.98 0.69 0.05 0.92 
Non-tsunami North 1.01 0.74 0.07 1.04 
Tsunami South 2.09 0.57 0.03 0.60 
Non-tsunami South 2.21 0.68 0.01 0.87 
     
Geomorphic Category 3 
Tsunami North 1.17 0.66 0.03 0.80 
Non-tsunami North 1.08 0.66 0.03 0.81 
Tsunami South 2.23 0.73 0.08 1.01 
Non-tsunami South 2.11 0.93 0.21 1.55 
     
Geomorphic Category 4 
Tsunami North 2.64 1.04 0.04 1.94 
Non-tsunami North 2.51 1.12 0.17 2.31 
Tsunami South  2.87 1.68 0.53 3.44 
Non-tsunami South 3.24 1.92 0.63 3.31 




is that of a low coastal plain, and relatively few barriers existed to impede the 2004 
tsunami waves.   
The difference in grain size between north and south (Table 2, Figures 18, 19) 
necessitates separate discussion of the tsunami sediments relative to the non-tsunami 
sediments.  However, one of the common links between the northern and southern sites 
was the grain size of the inferred tsunami sediments in Geomorphic Categories 1 and 2 
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Figure 18. Comparison of northern and southern sites interpreted tsunami sand.  
Mean grain size is plotted relative to geomorphic category.  Note: larger phi values 




inferred tsunami sediments in Geomorphic Category 3 was finer than the underlying non-
tsunami deposits (Table 2).  It is expected that the high velocity flow of the tsunami wave 
would entrain the sediment available for transport.  Although this logic is consistent with 
findings in this study (Table 2, Fig. 18), perhaps the reason that the disparity is not 
greater is that the available sediment for transport was already reworked by coastal 
processes prior to the 2004 event removing the finer fraction of sediment. 
The sorting for all of the inferred tsunami sediment samples in the north and south 
(0.69φ, and 0.74φ, respectively) was slightly better than the sorting for the non-tsunami 
deposits in the north and south (0.73φ, and 0.87φ, respectively; Table 2, Fig. 19).  This 
difference was most prominent for Geomorphic Categories 2, 3 and 4 in the southern 
sites.  In Geomorphic Categories 1, 2 and 3 in the northern and southern sites, tsunami 
and non-tsunami sediments were moderate to moderately well sorted.  This pattern is 
most likely due to the dominant process being primarily waves, tides (categories 1 and 2) 
and fluvial (category 3).  In Geomorphic Category 4 in the northern and southern sites, 
tsunami and non-tsunami sediments were poorly sorted.  The source of the sediment in 
this case is interbedded, lagoon sand and clay.  The similarity in sorting of the tsunami 
and non-tsunami sediments points towards a localized source of sediment as well as a 




The southern sites were slightly finely-skewed (0.11φ) compared with the 
northern sites (0.05φ).  The inferred tsunami sediments showed near-symmetry with the 
northern sites at 0.04φ and the southern sites at 0.09φ.  The non-tsunami sediments were 
slightly finely-skewed compared with the tsunami sediments.  The northern non-tsunami 
sediments were 0.06φ and the southern non-tsunami sediments were 0.16φ.  The 
separation and deposition of the fine tail of the sediment fraction at the inland extend of 
inundation has been documented in the 2004 tsunami deposits in India (Srinivasalu et al., 
Figure 19. Mean grain size vs. sorting.  The candidate tsunami deposits and non-
tsunami deposits in the northern and southern study sites are plotted.  Note: larger phi 
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2007).  It is somewhat surprising that the difference is not greater; given that at multiple 
sample sites local residents described standing water for many days to weeks after the 
2004 tsunami inundated the coastline, which would provide the low energy conditions to 
deposit fine sediment to thon top of the tsunami deposits.  However, at these locations, no 
discernible clay or silt layer was found at the surface.  The preexisting sediments 
evidently had little to no clay and silt for the tsunami to entrain.  This pattern makes sense 
in the context of the geomorphology of the northern sites being primarily coastal with 
wave and tide energy reworking, and the southern sites having coastal and fluvial 
reworking due to the presence of the Cauvery River delta. 
Although no analysis using only kurtosis has successfully distinguished transport 
mechanisms (Prothero and Schwab, 2004), there were some notable differences between 
the candidate tsunami and non-tsunami sediments in certain geomorphic environments.  
In Geomorphic Category 1, in the southern sites, the tsunami eroded preexisting sediment 
that had a very flat distribution (0.60) of sediment and deposited sediment with a flat 
distribution (0.75).  In contrast, in category 2, in the southern sites, the tsunami eroded 
preexisting sediment with  a flat-normal distribution (0.87) and deposited sediment with a 
very flat distribution (0.60).  In addition, at Geomorphic Category 3, in the southern sites, 
the tsunami eroded sediment with a peaked distribution (1.55) and deposited sediment 
with a normal distribution (1.01).  Changes in kurtosis can be difficult to explain, but in 
the case of a tsunami inundation turbulent flow likely leads to significant variation of 
kurtosis over short lateral and vertical distances as seen in the depth profile at multiple 




geomorphic environments prior to being inundated by the 2004 tsunami: Categories 1 and 
2 showed a normal to slightly flat distribution, category 3 showed a flat distribution in the 
northern sites but a peaked distribution in the southern sites, and category 4 was very 
peaked to extremely peaked (Table 2).  The peaked distribution of the lagoon sediments 
of category 4 can be seen in the field in the form of interbedded sand and clay (Fig. C6). 
Discussion of Grain Size Characteristics 
The grain size differences detected in this study were small.  When comparing the 
differences in mean, sorting, skewness and kurtosis between the tsunami and non-tsunami 
deposits, the southern sites showed greater variation than the northern sites.  This could 
be related to higher runup and inundation values in the southern portion of the study 
section (Peterson et al., 2005), which might imply higher energy flow conditions.   
The small statistical differences between tsunami sand and underlying sand might not be 
detectable in a deposit many years after deposition, making statistical measures alone a 
very uncertain means of identifying potential paleotsunami deposits. 
It appears that the most important factor affecting the character of the 2004 
tsunami deposits in India was the available sediment for transport (Figures 18, 19).  The 
grain size in Figure 18 shows distinct clustering of northern and southern deposits and 
indicates that there is a lesser dependence on geomorphic category and little to no 
correlation with distance from coast.  This result highlights the importance of 
understanding regional geormorphology and sediment source as well as accurately 
classifying the sediments in different geomorphic environments and identifying them in 




substantial correlation between geomorphic setting and grain size (Figures 18, 19).  It is 
logical to conclude that geomorphic setting and available sediment for transport were 
intimately related prior to the 2004 tsunami event and that both have significant impacts 
on the grain size characteristics of tsunami sediments. 
Individual Site Grain Size Statistics 
 The statistics for each detailed pit we sampled in the field is shown in Figures 20 
through 26.  At each detailed pit we sampled the candidate 2004 tsunami sand even if it 
was at the surface and bioturbated, such as shown in Figures 22, 24 and 25.  Detailed 
transects are shown for Mamallapuram, Thiruvadandhai and Aalikuppam (Figures 27, 28, 
29).  Note that smaller phi values represent larger grain size.   
Discussion of Grain Size Patterns at Individual Sites 
Some of the detailed pits highlight that there has been some reworking of tsunami 
sediment due to vegetation growth at the surface (for example Mamallapuram Pit 3, 
Figures 11, 24, A17).  Multiple detailed pits had varying grain size with depth, indicating 
possible evidence of turbulent flow conditions or multiple wave profiles (Figures 20, 22-
24).  At Thiruvadandhai (Fig. 22) and Mamallapuram  (Fig. 24) in particular there is 
significant variation and fine-scale grading, on the order of 3-5 cm with depth.  This 
pattern could be interpreted as being the signature of multiple waves (Srinivasalu et al., 
2007), or as a result of turbulent flow.  Though the grain size variation was difficult to 
discern in the field, grain size measurements indicate that Thiruvadandhai possibly shows 




















































































Figure 22. Thiruvadandhai Pit 3 (northern site) grain size statistics.  Vertical axis is 
the pit depth (cm).  Inverse grading occurs where sediment becomes coarser (smaller 
phi values) upsection and normal grading occurs where sediment becomes finer 



























Figure 23. Vadanemelli Pit 1 (northern site) grain size statistics.  Vertical axis is the 



























Figure 24. Mamallapuram Pit 1 (northern site) grain size statistics.  Vertical axis is the 
pit depth (cm).  Inverse grading occurs where sediment becomes coarser (smaller phi 
values) upsection and normal grading occurs where sediment becomes finer (larger 























































Figure 26. Vailanganni Pit 1 (southern site) grain size statistics.  Vertical axis is the pit 




The margins of the lagoon at Muttukaddu had a much wider variation in grain size 
statistics than any other site (Fig. 21).  This pattern is consistent with field observations 
of fine sediments interbedded with medium sands underlying the tsunami deposits.  
Though the candidate tsunami deposits were clearly recognized in the field by the abrupt,  
hummocky lower boundary, dark mafic mineral laminations and lack of soil development 
at the surface (Figures A5, C6), there was only a small measurable difference in grain 
size between the candidate tsunami deposit and the underlying sediments at Muttukaddu.  
It would be difficult to contrast this sand layer with a future storm deposit except that it is 
significantly thicker than the preexisting interbedded sandy layers.   
In contrast, in the sandy beach environments of Thiruvadandhai and 
Mamallapuram there are no clear distinguishing traits when comparing the grain size 
statistics to the underlying sediments (Figures 22, 24).  The small-scale graded beds 
within the tsunami deposit at Thiruvadandhai (Fig. 22) may represent the complexity 
introduced by turbulent flow and/or multiple waves as suggested by a previous study at 
this location (Srinivasalu et al., 2007).  However, the underlying sediments also show 
similar grain size variations to the tsunami deposits such that they are not distinguishable 
from the tsunami sediments.  The best sedimentological indicators of tsunami deposits in 
these sandy environments is the abrupt, erosive, hummocky lower boundary and mafic 
mineral laminations observed in the field. 
The river sediment at Aalikuppam shows that the available sediment for transport 
was well sorted, medium sand (Fig. 25).  There was little to no variation in grain size 




source of sediment entrained by the tsunami was most likely fluvial sediments..  The 
tsunami deposit was identifiable in the field by an abrupt, erosional lower boundary and 
tan color but the deposit itself was structureless.  It would be very difficult to identify the 
paleotsunami deposits at Aalikuppam at the timescale of the long tsunami recurrence 
intervals in the Indian Ocean basin. 
The 2004 tsunami deposits were difficult to identify in the field at Vailanganni 
(southern site). The potential tsunami sand was structureless with no clear erosional 
boundary.  The grain size shows grading from 0-20 cm depth and a structureless sand 
from 20-78cm (Fig. 26).  This pattern is most likely the result of misidentifying the 
tsunami deposit in the field, with the total thickness being closer to 20 cm instead of 78 
cm.  A thinner deposit would be more consistent with the thicknesses we measured at our 
other sites.  It is likely that our sampling interval was not detailed enough to reflect the 
real variations between samples.  This environment made it very difficult to distinguish 
the 2004 deposits after only 3 years, thus making it an unlikely site for preservation and 
recognition of paleotsunami deposits. 
There was consistent sorting in the tsunami deposit at Mamallapuram and 
Kovalam despite variations in mean grain size (Figures 20, 24).  This is likely due to the 
effect of mafic mineral laminations on mean grain size.  When the sampling depth 
contained a higher proportion of mafic minerals, the measured grain size was finer.  The 
size contrast between the coarser quartz sand grains and the smaller fraction of mafic 
minerals was minimized by the laser diffractometer relative to the wet sieve method 




minerals, the grain size showed about 0.25φ smaller shift (the sample measured coarser) 
with laser diffractometer analysis.  The resulting sorting calculations also indicate that the 
variation in the grain size population displayed a much smaller shift with the laser 
diffractometer analysis.  See the section Comparing Mastersizer Data to Sieve Data for 
further discussion. 
Transect Analysis 
The transects of Thiruvadandhai, Mamallapuram and Aalikuppam are 
summarized in Figures 27, 28 and 29.  The values at any given distance represent the 
average value (of a given grain-size characteristic) of multiple samples within the 
candidate tsunami deposit vs. the preexisting sediment.  This approach allows an analysis 
of what kind of effect the coastal geomorphology had on the sediment deposited by the 
tsunami.  Overall, the three sites showed little variation between the candidate tsunami 
sediments and the underlying sand, indicating that the available sediment for transport is 
the most significant factor in the statistical values.  These graphs show that taking a 
transect perpendicular to the coastline does not provide any distinguishing characteristics 
of the 2004 tsunami deposit sand sheet as it was deposited inland that would aid a future 
investigation in identifying paleotsunami deposits in sandy geomorphic environments. 
It is worth noting that where the tsunami sediments were finer than the non-
tsunami sediments there was a significant increase in black mafic mineral laminations 
relative to the underlying sediments (100 m and 250 m inland Thiruvadandhai Fig. 27; 
200 m and 250 m inland at Mamallapuram Fig. 28).  In hand sample, these mafic mineral 




lack of mafic mineral laminations seen in the landward extents of the tsunami deposits in 
Mamallapuram and Thiruvadandhai most likely represent a change in the source of the 
sand with landward distance.   
 At Mamallapuram and Thiruvadandhai, where we sampled the coastal plain, the 
absence of mafic mineral laminations in the tsunami sand samples resulted in a coarser 
measurement of mean grain size (280 m, 300 m pits 6 and 7 at Thiruvadandhai Figures 
22, 27 and 450 m, 500 m pits 5 and 6 at Mamallapuram, Figures 24, 28).  At these 
distances there were no mafic mineral noted in the field and the coarser interpreted 
tsunami sand likely represents a beach or beach ridge (Fig. C13) source introduced to a 
coastal plain environment. 
 The slight landward coarsening of tsunami sediments at Mamallapuram (Fig. 27) 
and Aalikuppam (Fig. 29) is most likely due to the decreased presence of mafic mineral 
laminations with distance inland.  In the field we noted that there were no discernible 
mafic mineral laminations in the tsunami deposits near their maximum landward extent.  
We also noted that there was a strong presence of mafic mineral laminations on the beach 
near the mean swash zone.  This indicates that the ability for the 2004 tsunami to carry 
mafic minerals from near-shore sediment was limited to 250 m at Thiruvadandhai and 































Figure 27. Thiruvadandhai transect grain size statistics.  Vertical axis represents the 
grain size statistic referenced at the top of each graph.  Zero distance inland on the 



























Figure 28. Mamallapuram transect grain size statistics.  Vertical axis represents the 
grain size statistic referenced at the top of each graph.  Zero distance inland on the 

























Comparison with Srinivasalu et al. (2007) 
Clay or Silt 
Interp. Tsunami Sand 
Figure 29. Aalikuppam transect grain size statistics.  Vertical axis represents the grain 




Comparison with Srinivasalu et al. (2007) 
This section compares results taken by Srinivasalu et al. (2007) to the some of the 
same sites analyzed in this study in an effort to identify post-depositional change since 
the 2004 tsunami, which will provide better insight into long-term preservation potential.  
Srinivasalu et al., (2007) collected samples at Thiruvadandhai and Mamallapuram.  
Personal communication with the author (2008) indicated that we sampled from the same 
sites along similar transects near the tsunami scour fans.  Figures 29 and 30 show grain 
size statistics for tsunami deposits only.  The raw data from Srinivasalu et al., (2007) was 
not available so we plotted our data on his graphs.  As such, this discussion analyzes only 
general trends such as grading and relative grain size. 
The comparison of sieve data from samples taken days after the 2004 tsunami 
(Srinivasalu et al., 2007), to Mastersizer data from samples taken less than four years 
after the event, enables two trends to be identified.  The first is that the sieve data, as 
shown in Figure 30 and 32, is about 0.1φ-0.25φ coarser than the Mastersizer data.  This 
expected difference can be accounted for because the Mastersizer takes the average 
length of the long, middle and short axis on each particle whereas the sieve only 
measures the short axis of each particle (see Appendix B Comparison of Mastersizer Data 
to Sieve Data, Figures B1-B4).  The second trend is the clear grading that exists at 
Thiruvadandhai when comparing Figure 21 at 150m from the mean swash zone 
(Mastersizer, 2008) to Figure 29 at 230 m from the mean swash zone (Srinivasalu et al., 
2007).  The grading shows a similar pattern in both graphs from about 5 cm depth to 




and 230 m from the shoreline, this grading trend implies very little change in the tsunami 






















Figure 30. Comparison to Srinivasalu et al. (2007) along a transect.  Mamallapuram 
tsunami deposit statistics are plotted along a transect (modified from Srinivasalu et al., 
2007).  The vertical axis is the mean grain size (φ).  Box is around the mean grain size 
measured by Sinivasalu et al., (2007).  Blue circles indicate mean grain size measured 
in this study.  This study started at 120 m from the coast within a few meters laterally 
of where Srrinivasalu et al. sampled starting at 150 m from the coast (Fig. 28). 
 
Figure 31. Comparison to Srinivasalu et al. (2007) in an individual pit.  
Thiruvadandhai grain size statistics 230 m away from the coastline (modified from 
Srinivasalu et al., 2007).  Box around mean grain size delineates similar trend seen in 
this study.  Line at 30 cm depth denotes the bottom of the recognizable tsunami 
deposit.  Blue circles delineate mean grain size measured in this study at Pit 3, 150 m 




Summary Discussion of Grain Size Results 
 Commonly, the tsunami deposits in this study were identified in the field by their 
light tan color with mafic mineral laminations and distinct, erosional lower boundary 
truncating underlying red sediments.  The tsunami deposits were thicker in the southern 
sites and were reliably traced further from the mean swash zone relative to the northern 
sites.  There is a correlation between the geomorphic environment and the tsunami 
sediment thickness (Fig. 12).  There is also an inverse correlation between the inundation 
distance and the thickness of the sediments (Figures 2, 13).  However, Figures 18 and 19 
indicate that the most important factor in the grain size statistics is the geographic 
location and therefore, the grain size properties of the source of the sediment.  Thus, the 
available sediment for transport was the most important factor affecting the grain size 
statistics of the tsunami sediments. 
 Coastal plains with a seaward beach ridge that resulted in a tsunami scour fan 
such as Thiruvadandhai and Mamallapuram preserved distinct deposits that had a 
predictable decrease in thickness with increasing landward distance.  In the field we 
noted that the thickest deposits were about 50 meters landward of the tsunami scour fan, 
and as the tsunami spread out over the coastal plain the waning energy allowed a 
predictable landward thinning of the tsunami sandsheet.  In contrast, river floodplains 
such as Aalikuppam had highly variable thickness with landward distance.  In addition 
the river sediments contained better sorted sediment than other geomorphic environments 




As a result the tsunami deposits were more difficult to correctly identify in the field at 
Aalikuppam. 
 Mafic mineral laminations were concentrated at the proximal pits relative to the 
mean swash zone, and in some individual samples skewed the grain size statistics toward 
the finer grain size fraction.  Overall, there were only small detectable statistical 
differences between the tsunami deposits and the underlying sediments.  The tsunami 
deposits were slightly (0.1 φ) coarser, slightly (0.1 φ) better sorted, with no detectable 
skewness difference and they were excessively peaked (0.1 difference in the northern 
sites and 0.25 difference in the southern sites) relative to the preexisting sediments. 
 Different geomorphic environments produced distinct groupings of mean grain 
size.  The finest sediments were found in the lagoons and river sediments.  The northern 
and southern site groupings also produced distinct mean grain size differences with the 
southern deposits being 1 phi finer which is likely due to the available sediment for 
transport. 
 Plotting mean grain size versus sorting of candidate tsunami deposits shows that 
there is greater differentiation in sorting amongst the southern sites but a greater 
differentiation in mean grain size among the northern sites (Fig. 19).  The smaller grain 
size variation in the southern sites is likely due to most of the sediment initiating being 
sourced from the Cauvery River delta and then being subsequently reworked in some 
locations as the river avulsed to new channels.  The larger range of sorting in the southern 
sites is likely a function of geomorphic environment as there is a distinct clustering of 




correlates with the poorest sorting (Fig. 19).  The large variation in grain size in the 
northern sites can be explained by the different geomorphic environments.  The tidal 
lagoon at Muttukaddu had fine-grained sand but the majority of coastal locations such as 
Thiruvadandhai had medium grained sand sourced from the beach and reworked by 
waves and tides. 
 Detailed sampling at some individual pits indicated distinct grading within the 
tsunami deposits.  One possibility is that the inundation by each of the three waves 
produced normally graded beds as the tsunami energy waned (as suggested by 
Srinivasalu et al., 2007) and turbulent flow introduced small-scale inverse grading into 
the deposits.  It could also be exclusively a function of turbulent flow. 
 Transect analysis and comparison of mean grain size with Srinivasalu (2007) 
indicates that there has been very little or no change to many of the tsunami deposits 
between 2004 and 2008, supporting the possibility of good preservation potential at sites 
with distinct beach berms such as Mamallapuram and Thiruvadandhai.  However, 
differentiating these deposits from storm deposits without prior knowledge of the areas 
affected by the 2004 tsunami would be very difficult. Observing the geomorphic context 
of these sites, for example the breach in the beach ridge, is critical for interpreting the 
tsunami source of these sediments. Recognition of tsunami deposits based on 
sedimentology alone would be difficult. 
 The laser diffractometer analysis conducted in this study yielded very similar 
trends in the grain size statistics to the wet sieving method in this study when analyzing 




about 0.25 phi coarser when measured with the particle size analyzer as it measures the 
mean of all three axes of a sand grain whereas the wet sieving method measures the 
smallest axis. 
Optically Stimulated Luminescence Data 
Table 3 shows the results from selected OSL samples taken in the field.  These 
five sites should help provide insight into relative stability of the coastline and 
information about the long-term rate of sediment accumulation. 









































































300 ± 50 Forested 
coastal 
plain 
In situ water % compensates for the attenuating effect of water on ambient radiation. 
# Disks is the number of subsamples measured on steel or aluminum disks. 
Dose rate is the luminescence from the sediment surrounding the sample. 
Dose equivalent (De) is the preserved luminescence of the sample. 




The southeastern coast of India has a very dynamic shoreline.  Mamallapuram and 
Thiruvadandhai are only a few kilometers from each other, and yet with similar 
geomorphic environments they have quite different sediment histories.  The shoreline at 
Thiruvadandhai is only about 100 years old at 18 cm depth below the pre-tsunami surface 
where the 2004 tsunami inundated (200 m inland, Table 3, Figures C2, C7).  In contrast, 
the shoreline at Mamallapuram is about 2,280 years old at 35 cm depth underlying the 
2004 tsunami deposits (250 m inland, Figures C2, C10).  The age of Mamallapuram 
implies a low rate of sediment accumulation or possibly suggests an eroding shoreline 
such that the younger sediments were seaward and have been eroded away.  If this is the 
case, then it is unlikely that a paleotsunami deposit from the past 2.3 kya has been 
preserved as they would have been deposited seaward of this location which is only 250 
m inland.  In contrast, the young age of Thiruvadandhai implies a relatively high 
sedimentation rate, yet it is in a similar geomorphic environment and location along the 
Indian coast.  These vastly different ages and the emerging temple at Mamallapuram 
imply that it is an erosional shoreline, while the young age of Thiruvadandhai could 
imply a prograding shoreline.  To confirm this hypothesis, an OSL date should be taken 
at the landward dune at Thiruvadandhai that was 320 m from the mean swash zone and 
acted as a terminal barrier to the 2004 tsunami.  That landward dune might indicate the 
relative position of the shoreline during the last possible large event (Sumatra, 780-990 
AD, 1290-1400 AD, Monecke et al., 2008; Thailand, 1300-1450 AD, Jankaew et al., 




The sample taken at Aalikuppam yielded an age of just 80 years old (Figures 6, 
C2, C11).  This date combined with the difficulty in identifying the tsunami deposits in 
the field might indicate that this river floodplain is too active to reliably preserve a record 
of past large tsunami events.  It also indicates a possible local progradation of river 
sediment into the Bay of Bengal.  However, further evaluation and dating of landward 
geomorphology could prove useful in the search for paleotsunami deposits. 
The geomorphic setting at Kallar is similar to Mamallapuram and Thiruvadandhai 
but is in the southern portion of the study area (Figures 8, 9).  The OSL age of 150 years 
old is much closer to that at Thiruvadandhai, and the distinct tsunami deposits at this 
location were well preserved.  The young age at this location indicates that the swales 
behind the landward beach ridges at this location might show potential to preserve a 
deposit from past large tsunami.  Furthermore, investigation and dating of the landward 
beach ridges and swales at Kallar has potential for discovering paleotsunami evidence. 
Vilundamavadi is also a location behind a distinct seaward beach ridge with well-
preserved tsunami deposits over red sand (Fig. C3).  This location is forested, resulting in 
the roots destroying many of the original laminations in the tsunami deposits.  The OSL 
date was taken from a landward dune at 2.45 meters depth which was still about two 
meters above sea level.  The returned age of 300 years implies a geomorphic setting that 
is too young to capture the documented paleotsunami deposits around the Indian Ocean.  
It also indicates a high sedimentation rate and recent eolian activity.  We recommend 




searching for paleotsunami deposits in southeastern India, as they might mark earlier 
shoreline positions. 
The young OSL dates from this study highlight the potential for paleotsunami 
preservation in the swales behind landward beach ridges at Thiruvadandhai, Kallar, 
Aalikuppam and Vilundamavadi, but distinguishing them from storm deposits might be 
problematic.  If these beach ridges yielded ages of at least 700 years old they could 
contain the most recent documented large paleotsunami deposit from other sites around 
the Indian Ocean (Monecke et al., 2008; Jankaew et al., 2008).  Though there is no 
geomorphic evidence of obvious shoreline changes over the past 1200 years at 
Mamallapuram (Mohapatra and Prasad, 1999), if the shoreline is eroding, as implied by 
the OSL age, it is highly unlikely that any tsunami from the past 2.3 kya could have been 







1) The 2004 tsunami deposits were usually clearly identifiable in the field when 
found on a coastal plain behind a seaward beach ridge or in a lagoon protected by 
a seaward beach ridge.  The best geomorphic environments to find thick, well-
preserved deposits of the 2004 Indian Ocean tsunami (and by proxy paleotsunami 
deposits) on the southeastern coast of India are those that have a distinct seaward 
beach ridge and consequent tsunami scour fan such as Mamallapuram, 
Thiruvadandhai, Kallar and Vilundamavadi.  Field identifiers included the 
presence of mafic mineral laminations, an erosional, hummocky lower contact 
and tan sediment overlying red preexisting sediments.  This study was not able to 
differentiate between the 2004 tsunami deposits and the known possible 
characteristics of cyclone deposits.  For example, a scour fan that matches to the 
age of known paleotsunami deposits around the Indian Ocean basin might be 
attributable to a past, large tsunami but the fan itself would be difficult to 
distinguish from a storm overwash fan.   
2) The tsunami deposits showed small, measurable differences in grain size from the 
preexisting sediments.  Overall, the tsunami-laid sediments were slightly coarser 
(0.25 φ) and slightly better sorted than the preexisting sediment.  While the 
tsunami-laid sediments were slightly fine-skewed relative to the preexisting 
sediments there were no consistent trends in kurtosis amongst the tsunami-laid 





3) laminations within some of the tsunami deposits made the tsunami deposits finer 
and more poorly sorted relative to the massive underlying quartz sand units.  
When absent, the tsunami deposit was massive quartz sand.  The small margin of 
statistical difference and the possibility that the mafic mineral laminations could 
be reworked by bioturbation or eolian processes dictates that future studies might 
not be able to rely on sedimentary structures and statistics alone to identify 
ancient tsunami-laid sands.  The 2004 tsunami deposits in individual pits at some 
sites showed multiple small-scale grading patterns possibly reflecting a 
combination of multiple waves and turbulent flow.   
4) Transect-scale analysis and a comparison of southern sites to northern sites in 
different geomorphic settings indicate that the available sand for transport was the 
greatest factor affecting grain size statistics (Figures 18, 27-29).  As a result of 
regional geomorphology and lithology, the northern sites in this study had coarser 
overall grain size than the southern sites (Fig. 19).  However, there was a strong 
sorting similarity between the northern and southern sites.  Distinct clustering of 
moderate to moderately-well sorted sediments in northern and southern sites 
implies that the majority of sites in both regions have been reworked by similar 
processes; most likely normal beach processes (Fig. 19).  This strongly suggests 
that the 2004 tsunami entrained locally available sediment.  The northern sites had 
lower inundation values and tsunami deposit thicknesses than the southern sites 





deposit thickness was the prominent seaward beach ridge at many of the northern 
sites that was only present at Vilundamavadi and Kallar in the southern region.   
5) Sediment deposited by the December 26, 2004 tsunami was relatively unchanged 
3 years after the event (February, 2008).  However, bioturbation and the high 
level of human activity near the coastline and the lack of clearly defined grain size 
parameters may result in identification problems of the in situ field identifiers 
such as mafic mineral laminations and an erosional, hummocky lower boundary, 
if they are destroyed or altered. 
6) The Mastersizer 2000 laser particle size analyzer produced similar results to the 
wet sieve method.  The main difference occurred in samples containing 
substantial (20%) mafic minerals which were elongated and tended to measure 
around 0.25φ finer in wet sieve analysis relative to the laser diffraction analysis. 
7) The complex nature and relatively poor understanding of southeastern Indian 
coastal processes necessitates further study that would focus on dating ancient 
inland beach ridges to better constrain how the shoreline evolved in the Holocene.  
This information could then better direct future studies toward potential 
paleotsunami preservation sites, based on the modern examples of tsunami 
deposits at Mamallapuram, Thiruvadandhai, Kallar and Vilundamavadi. 
8) The Holocene sediment history of the southeastern coast of India is highly 
variable, with Mamallapuram being nearly 2.3 kya old within 200 meters of the 
current mean swash zone and nearby Thiruvadandhai being only 100 years old 





environments. These differences in age could be related to zones of erosion, 
stability or progradation.  The younger OSL ages from Thiruvadandhai, Kallar, 
Aalikuppam and Vilundamavadi indicate a relatively high rate of sedimentation 
near the shoreline and points toward the possibility that the swales behind the 
landward beach ridges at these sites might preserve evidence of the last large 
tsunami event between 1000-1300 years ago (Rajendran et al., 2013).  Dating 
coastal and landward beach ridges along the coast could help determine the timing 
and existence of depositional environments with the potential for the preservation 
and identification of paleotsunami deposits. 
 
Summary 
 The southeastern coast of India contains environments with preservation potential 
and sufficient age to capture the documented paleotsunami deposits from around the 
Indian Ocean basin.  We recommend searching in the swales immediately behind the 
landward beach ridges for evidence of ancient fans.  While it would be difficult to 
distinguish sedimentologically or geomorphologically whether a fan is from a 
paleotsunami or a past cyclone, ages that correlate with paleotsunami deposits from 
across the Indian Ocean basin would provide supporting evidence of the recurrence 
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 The stratigraphic columns in Appendix A are in order from north to south as 















































Karikattakuppam Pit 1—50 meters inland; February 18, 2008 
 
 
0-20 cm = Tan; loose; laminated, medium sand; 
subrounded; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; abundant roots; distinct, hummocky 
lower boundary. 
 
20-45 cm = Black; moderately dense; massive, 
medium sand; subrounded; 85% quartz, 5% feldspar, 
10% dark mafic minerals; lower boundary below 
bottom of pit. 

















Clay or Silt 
























































Figure A2. Stratigraphic column and description of Karikattakuppam Pit 2 
 
Karikattakuppam Pit 2—100 meters inland; February 18, 2008 
 
 
0-15 cm = Tan; loose; thin dark mineral 
laminations, medium sand; subrounded to 
subangular; normally graded; 80% quartz, 5% 
feldspar; 15% dark mafic minerals; distinct, 
hummocky lower boundary. 
 
15-25 cm = Tan and black; loose; thick dark 
mineral laminations, medium sand; subangular to 
subrounded; 60% quartz 5% feldspar 35% dark 
mafic minerals; diffuse lower boundary. 
 
25-34 cm = Tan; loose; sparsely laminated, 
medium sand; subrounded to subangular; 80% 
quartz, 5% feldspar; 15% dark mafic minerals; 


















Clay or Silt 
























































Karikattakuppam Pit 3—200 meters inland; February 18, 2008 
 
 
0-2 cm = Tan; loose; massive, medium sand; 
subrounded to subangular; 70% quartz, 5% feldspar, 
25% dark mafic minerals; distinct, hummocky lower 
boundary. 
 
2-40+ cm = Red; moderately dense; massive, 
medium sand; subangular to subrounded; 80% 
quartz, 5% feldspar, 15% dark mafic minerals; lower 
boundary below base of pit. 

















Clay or Silt 























































Karikattakuppam Pit 4—250 meters inland; February 18, 2008 
 
 
0-10 cm = Tan; loose; massive; fine-medium tsunami 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct, hummocky 
lower boundary. 
 
10-20 cm = Dark red; dense; massive sandy clay; 
agricultural unit for coconut plantation preexisting the 
2004 tsunami; distinct lower boundary. 
 
20-40 cm = Orange-tan; moderately dense; medium 
sand; subangular to subrounded; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; lower boundary 
below bottom of pit. 
 

















Clay or Silt 
























































Muttukaddu Pit 1—1500 meters inland; February 18, 2008 
 
0-0.5 cm = White-tan; moderately dense; massive; 
silt; distinct lower boundary. 
 
0.5-2.5 = Brown; moderately dense; mottled silt; 
distinct lower boundary. 
 
2.5-5.5 cm = Tan; moderately dense; faint dark 
mineral laminations; fine tsunami sand; subrounded; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
distinct, hummocky lower boundary. 
 
5.5-7.5 cm = Dark gray; moderately dense; massive; 
silt; distinct lower boundary. 
 
7.5-11 cm = Tan; moderately dense; massive; 
medium sand; subrounded, occ subangular, 90% 
quartz, 5% feldspar, 5% dark mafic minerals; distinct 
lower boundary. 
 
11-16 cm = Gray; moderately dense; massive; fine 
sand; subrounded, occ subangular, 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct lower 
boundary. 
 
16-25+ cm = Red-gray; moderately dense; heavily 
mottled, fine-medium sand; 90% quartz, 5% feldspar, 
5% dark mafic minerals; lower boundary at water 
table. 
 

















Clay or Silt 
























































Kovalam Pit 1—40 meters inland; February 12, 2008 
 
0-2 cm = Tan; moderately dense; massive; medium 
tsunami sand; subrounded to subangular; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; 
contains numerous grass roots; distinct lower 
boundary 
 
2-10 cm = Tan; loose; thick dark mineral laminations; 
fine-medium tsunami sand; subrounded to 
subangular; 90% quartz, 5% feldspar, 5% dark mafic 
minerals; bioturbated; distinct hummocky lower 
boundary. 
 
10-12 cm = Tan; loose; laminated; fine tsunami sand; 
subrounded, laminations are subangular; 60% 
quartz, 5% feldspar 35% dark mafic minerals; distinct 
lower boundary. 
 
12-15 cm = Tan; loose; laminated; coarse tsunami 
sand; subangular, occasionally subrounded; 70% 
quartz, 5% feldspar, 25% dark mafic minerals; 
inversely graded; distinct lower boundary. 
 
15-20 cm = Tan-brown; loose; massive; medium 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; normally graded; 
distinct lower boundary. 
 
20-25 cm = Red-tan; loose; massive; medium-coarse 
sand; subangular to subrounded; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; mottled; 
gradational lower boundary. 
 
25-35 cm = Gray-brown; loose; massive; medium-
coarse sand; subrounded to subangular; 90% quartz, 
5% feldspar, 5% dark mafic minerals; distinct lower 
boundary at local water table. 
 

















Clay or Silt 
























































Thiruvadandhai Pit 1—50 meters inland; February 11, 2008 
 
0-2 cm = Red; loose; massive; medium tsunami 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; diffuse lower 
boundary. 
 
2-12 cm = Red; loose; thin dark mineral 
laminations; medium tsunami sand; subrounded 
to subangular; 80% quartz, 5% feldspar, 15% 
dark mafic minerasl; distinct, hummocky lower 
boundary. 
 
12-33 cm = Dark gray; moderately dense; 
massive; medium-coarse sand; subangular, 
occasionally subrounded; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct lower 
boundary at the local water table. 
 

















Clay or Silt 























































Thiruvadandhai Pit 2—100 meters inland; February 11, 2008 
 
0-2 cm = Red-white; moderately dense; massive; 
medium tsunami sand; subrounded to subangular; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
contains roots; diffuse lower boundary. 
 
2-5 cm = Red-orange; loose; faintly laminated; 
medium tsunami sand; subrounded to subangular; 
85% quartz, 5% feldspar, 10% dark mafic 
minerals; diffuse lower boundary. 
 
5-11 cm = Black; moderately dense; massive; 
medium tsunami sand; subrounded to subangular; 
80% quartz, 5% feldspar, 15% dark mafic 
minerals; contains numberous organic material 
that stains this layer black; distinct, hummocky 
lower boundary. 
 
11-45 cm = Gray; moderately dense; massive; 
medium-coarse sand; subangular, occasionally 
subrounded, 90% quartz, 5% feldspar, 5% dark 
mafic minerals; distinct lower boundary at the local 
water table. 
 

















Clay or Silt 
























































Thiruvadandhai Pit 3—150 meters inland; February 11, 2008 
 
0-2 cm = Red-tan; moderately dense; massive; 
coarse tsunami sand; subangular, occasionally 
subrounded; 90% quartz, 5% feldspar, 5% dark mafic 
minerals; numerous roots; distinct lower boundary. 
 
2-6 cm = Tan; loose; numerous thin dark mineral 
laminations; fine tsunami sand; subrounded, 
occasionally subangular; 65% quartz, 5% feldspar, 
30% dark mafic minerals; djstinct lower boundary. 
 
6-11 cm = Tan; loose; massive; thin dark mineral 
laminations; medium-coarse tsunami sand; 
subrounded to subangular; 80% quartz, 5% feldspar, 
15% dark mafic minerals;distinct lower boundary. 
 
11-26 cm = Tan; loose; massive; medium-coarse 
tsunami sand; subangular to subrounded; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; distinct 
lower bondary. 
 
26-32 cm = Red; loose; thin dark mineral laminations; 
medium tsunami sand; subrounded to subangular; 
80% quartz, 5% feldspar, 15% dark mafic minerals; 
distinct, hummocky lower boundary. 
 
32-35 cm = Black; moderately dense; massive 
medium sand; subangular to subrounded; 85% 
quartz, 5% feldspar, 15% dark mafic minerals; diffuse 
lower boundary. 
 
35-45 cm = Red; moderately dense; massive; 
mottled; medium-coarse sand; subangular, 
occasionally subrounded; 90% quartz, 5% feldspar, 
5% dark mafic minerals; undulatory diffuse lower 
boundary. 
 
45-55 cm = Gray; moderately dense; massive; 
mottled; medium coarse sand; subangular, 
occasionally subrounded; 90% quartz, 5% feldspar, 
5% dark mafic minerals; distinct lower boundary at 
local water table. 
 

















Clay or Silt 
























































Thiruvadandhai Pit 4—200 meters inland; February 11, 2008 
  
0-14 cm = Tan; loose; thin dark mineral 
laminations; medium tsunami sand; subrounded to 
subangular; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; distinct, hummocky lower 
boundary 
 
14-40 cm = Red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
diffuse lower boundary. 
 

















Clay or Silt 
























































Thiruvadandhai Pit 5—250 meters inland; February 11, 2008 
  
0-5 cm = Tan; loose; massive; medium tsunami 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; diffuse lower 
boundary. 
 
5-10 cm = Black; moderately dense; massive; 
medium tsunami sand; subrounded to subangular; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
distinct, hummocky lower boundary. 
 
10-40 cm = Red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
diffuse lower boundary. 
 

















Clay or Silt 























































Thiruvadandhai Pit 6—280 meters inland; February 11, 2008 
 
0-3 cm = Tan; loose; massive; medium tsunami 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct, 
hummocky lower boundary. 
 
3-20 cm = Tan; loose; massive; medium coarse 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; diffuse lower 
boundary. 
 

















Clay or Silt 
























































Thiruvadandhai Pit 7—300 meters inland; February 11, 2008 
 
0-2cm = Tan; loose; massive; medium tsunami 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct, 
hummocky lower boundary. 
 
3-20 cm = Tan; loose; massive; medium coarse 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; diffuse lower 
boundary. 
 

















Clay or Silt 























































 Figure A14. Stratigraphic column and description of Vadanemelli Pit 1 
 
Vadanemelli Pit 1—100 meters inland; February 16, 2008 
 0-3 cm = Black; moderately dense; massive; fine-
medium tsunami sand; subrounded to subangular; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
contains abundant organic material and roots; 
distinct,  lower boundary. 
 
3-9 cm = Tan; loose; thin dark mineral laminations; 
fine-medium tsunami sand; subrounded to 
subangular; 85% quartz, 5% felspar; 10% dark 
mafic minerals; distinct. hummocky lower 
boundary. 
 
9-11 cm = Black; moderately dense; massive; 
medium sand; subrounded; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; abundant 
organic debris; distinct lower boundary. 
 
11-14 cm = Red-tan; loose; massive; medium-
coarse; sand; subangular, occasionally 
subrounded, 90% quartz, 5% feldspar, 5% dark 
mafic minerals; distinct lower boundary. 
 
14-15 cm = Black; moderately dense; massive; 
medium sand; subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; abundant 
organic material; distinct lower boundary. 
 
15-22 cm = Gray; loose; massive; medium-coarse; 
sand; subangular, occasionally subrounded, 90% 
quartz, 5% feldspar, 5% dark mafic minerals; 
distinct lower boundary. 
 
22-23 cm = Black; loose; massive; medium sand; 
subangular to subrounded; 90% quartz,  10% dark 
mafic minerals; abundant organic material; distinct 
lower boundary. 
 
23-28 cm = Gray; loose; massive; medium-coarse; 
sand; subangular, occasionally subrounded, 90% 
quartz, 5% feldspar, 5% dark mafic minerals; 
distinct lower boundary. 
 
28-29 cm = Black; moderately dense; massive; 
medium sand; subrounded; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; abundant 






























29-40 cm = Gray; loose; massive; 
medium-coarse; sand; subangular, 
occasionally subrounded, 90% 
quartz, 5% feldspar, 5% dark mafic 
minerals; distinct lower boundary 

















































Figure A15. Stratigraphic column and description of Mamallapuram Pit 1 
 
Mamallapuram Pit 1—120 meters inland; February 15, 2008 
 
0-32 cm =Red-tan; loose; numerous dark mineral 
laminations; medium-coarse tsunami sand; 
subrounded to subangular; 75% quartz, 5% feldspar, 
20% dark mafic minerals; laminations concentrated 
between 5 and 18 cm deep; distinct, hummocky 
lower boundary. 
 
32-35 cm = Black; moderately dense; massive; 
medium sand; subrounded to subangular; 80% 
quartz, 5% feldspar, 15% dark mafic minerals; 
contains abundant organic material; distinct, lower 
boundary. 
 
35-60 cm = Dark red-gray; moderately dense; 
massive; medium-coarse sand; subangular to 
subrounded; 90% quartz, 5% feldspar, 5% dark mafic 
minerals; red and gray oxidation/reduction abundant; 























Clay or Silt 


















































Mamallapuram Pit 2—200 meters inland; February 13, 2008 
 
0-18 cm = Red-tan; loose; numerous dark mineral 
laminations; medium-coarse tsunami sand; 
subrounded to subangular; 80% quartz, 5% feldspar, 
15% dark mafic minerals; distinct, hummocky lower 
boundary. 
 
18-40 cm = Dark red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
95% quartz, 5% scattered mafic minerals and 
feldspar; diffuse lower boundary. 
 

















Clay or Silt 
























































Mamallapuram Pit 3—250 meters inland; February 13, 2008 
 
0-8 cm = Red-tan; loose; thin dark mineral 
laminations; medium tsunami sand; subrounded to 
subangular; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; distinct, hummocky lower boundary. 
 
8-21 cm = Black; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
contains abundant organic material; distinct lower 
bondary. 
 
21-66 cm = Dark red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
95% quartz, 5% scattered mafic minerals and 
feldspar; diffuse lower boundary. 
 

















Clay or Silt 
























































Mamallapuram Pit 4—350 meters inland; February 15, 2008 
 
0-3 cm = Red-tan; loose; massive; medium-coarse 
tsunami sand; subrounded to subangular; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; distinct 
lower boundary. 
 
3-30 cm = Dark red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
95% quartz, 5% scattered mafic minerals and 
feldspar; diffuse lower boundary. 
 

















Clay or Silt 
























































Mamallapuram Pit 5—450 meters inland; February 15, 2008 
 
 
0-2 cm = Red-tan; loose; massive; medium tsunami 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct lower 
boundary. 
 
2-9 cm = Gray; loose; massive; medium sand; 
subrounded to subangular; 90% quartz, 5% feldspar, 
5% dark mafic minerals; contains abundant organic 
material; diffuse lower boundary. 
 
9-30 cm = Red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
95% quartz, 5% scattered mafic minerals and 
feldspar; diffuse lower boundary. 
 

















Clay or Silt 
























































Mamallapuram Pit 6—500 meters inland; February 15, 2008 
 
0-1 cm = Red-tan; loose; massive; fine-medium 
tsunami sand; subrounded to subangular; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; distinct 
lower boundary. 
 
1-8 cm = Gray; loose; massive; medium sand; 
subrounded to subangular; 90% quartz, 5% feldspar, 
5% dark mafic minerals; contains abundant organic 
material and well developed roots; diffuse lower 
boundary. 
 
8-30 cm = Red; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
95% quartz, 5% scattered mafic minerals and 
feldspar; diffuse lower boundary. 
 

















Clay or Silt 
























































Figure A21. Stratigraphic column and description of Aalikuppam Pit 1 
 





0-5 cm = Gray-tan; moderately dense; massive; 
medium-coarse tsunami sand; subrounded to 
subangular; 85% quartz, 10% feldspar, 5% dark 
mafic minerals; contains few roots; diffuse lower 
boundary. 
 
5-9 cm = Gray; loose; massive; medium tsunami 
sand; subrounded to subangular; 85% quartz, 10% 
feldspar, 5% dark mafic minerals; contains minor 
amounts of silt; distinct, hummocky lower boundary. 
 
9-23 cm = Red-tan; moderately dense; massive; 
medium sand; subangular; 90% quartz, 5% feldspar, 
5% dark mafic minerals; diffuse lower boundary. 
 
23-34 cm = Red-tan; moderately dense; massive; 
medium-fine sand; subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; diffuse lower 
boundary. 
 
34- 63 cm = Red-tan; moderately dense; massive; 
medium-coarse sand; subangular to subrounded; 
90% quartz 5% feldspar, 5% dark mafic minerals; 
diffuse lower boundary. 
 
63-88 cm = Gray; dense; weakly bedded; coarse 
sand; subangular; 80% quartz, 10% feldspar, 10% 
dark mafic minerals; lower boundary is the top of the 




Clay or Silt 




































































Aalikuppam Pit 2—200 meters inland; February 17, 2008 
 
 
0-2 cm = Tan-white; loose; massive, fine sand; 
subangular to subrounded; 90% quartz, 5% 
feldspar, 5% black mafic minerals; diffuse lower 
boundary. 
 
2-4 cm = Tan; loose; massive, fine sand; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; roots 
at top and bottom of unit; distinct lower boundary. 
 
4-12 cm = Grayish-red; moderately dense; massive, 
medium-coarse sand; 90% quartz, 5% feldspar, 5% 
dark mafic minerals; diffuse lower boundary. 
 
12-30+ cm = Gray; moderately dense; massive, 
coarse-medium sand; 90% quartz, 5% feldspar, 5% 
dark mafic minerals; lower boundary below bottom 
of pit. 

















Clay or Silt 
























































Aalikuppam Pit 3—350 meters inland; February 17. 2008 
 
 
0-3 cm = Tan; loose; massive, fine-medium sand; 
80% quartz, 10% feldspar, 10% dark mafic minerals; 
distinct, hummocky lower boundary. 
 
3-5 cm = Gray, loose; massive, organic sand; 80% 
quartz, 10% feldspar, 10% dark mafic minerals; 
distinct lower boundary. 
 
5-30 cm = Red; moderately dense; mottled, medium-
coarse sand; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; diffuse lower boundary. 
 
30-40+ cm = Red; moderately dense; semi-mottled, 
medium-coarse sand; 75% quartz, 5% feldspar, 20% 
dark mafic minerals; lower boundary below base of 
pit. 
 

















Clay or Silt 
























































Aalikuppam Pit 4—100 meters inland, south of Pit 1; February 17, 2008 
 
 
0-4 cm = Tan; moderately dense; organic, fine sand; 
85% quartz, 5% feldspar, 10% dark mafic minerals; 
contains numerous roots; diffuse lower boundary. 
 
4-12 cm = Tan; loose; laminated, fine sand; 75% 
quartz, 5% feldspar, 20% dark mafic minerals; 
laminations concentrated at bottom of unit; diffuse, 
hummocky lower boundary. 
 
12-24 cm = Red-gray; moderately dense; mottled, 
fine-medium sand; 85% quartz, 5% feldspar, 10% 
dark mafic minerals; contains some organic material; 
distinct lower boundary. 
 
24-31 cm = Gray; moderately dense; massive, 
medium sand; 85% quartz, 10% feldspar, 5% dark 
mafic minerals; distinct lower boundary. 
 
31-40+ cm = Red; moderately dense; massive, fine 
sand; 90% quartz, 5% feldspar, 5% dark mafic 
minerals; lower boundary at base of pit. 

















Clay or Silt 
























































Cuddalore Pit 1—100 meters inland; February 28, 2008 
 
 
0-1 cm = Dark tan; moderately dense; silty, organic, 
fine sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; contains grass 
roots; distinct lower boundary. 
 
1-7 cm = Light gray; loose; massive, fine sand; 
subrounded to subangular; 95% quartz, 5% dark 
mafic minerals; brick fragment at distinct lower 
boundary. 
 
7-10 cm = Dark gray; moderately dense; organic, fine 
sand; subrounded to subangular; abundant organic 
material; diffuse, hummocky lower boundary. 
 
10-23 cm = Red; moderately dense; mottled, fine 
sand; subrounded; 80% quartz, 5% feldspar, 15% 
dark mafic minerals; diffuse, undulatory lower 
boundary. 
 
23-70+ cm = Gray; moderately dense; medium sand; 
subangular to subrounded; 80% quartz, 5% feldspar, 
15% dark mafic minerals; lower boundary at base of 
pit. 
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Tranquebar Pit 1—900 meters inland; February 27, 2008 
 
0-5 cm = White; loose; massive, fine sand; 
subrounded; 95% quartz, 5% feldspar; contains few 
roots; distinct lower boundary. 
 
5-6 cm = Black; moderately dense; organic, fine 
sand; subrounded; 95% quartz, 5% feldspar; 
contains abundant organic material; distinct lower 
boundary 
 
6-19 cm = White; moderately dense; thin dark 
mineral laminations, fine sand; subrounded; 85% 
quartz, 5% feldspar, 10% dark mafic minerals; 
numerous broken and deformed laminations from 
bioturbation; clay ripup clasts at base; brick 
fragments at base; distinct, hummocky lower 
boundary. 
 
19-30 cm = Red; moderately dense; mottled, fine 
sand; subrounded; 90% quartz, 5% feldspar, 5% 
dark mafic minerals; diffuse, undulatory lower 
boundary. 
 
30-45+ cm = Gray-red; moderately dense; massive, 
fine-medium sand; subrounded to subangular; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; lower 
boundary below bottom of pit. 
 

















Clay or Silt 
























































Figure A27. Stratigraphic column and description of Karaikal Pit 1 
 
Karaikal Pit 1—200 meters inland; February 27, 2008 
 
 
0-15 cm = White; loose; thin dark mineral 
laminations, fine sand; subrounded; 85% quartz, 15% 
dark mafic minerals; distinct, hummocky lower 
boundary. 
 
15-20 cm = Brown; sticky; clay; distinct, hummocky 
lower boundary. 
 
20-70 cm = White; moderately dense; laminated, fine 
sand; subrounded; 90% quartz, 10% dark mafic 
minerals; laminations concentrated at top and bottom 
of unit; flame and load casts at bottom of unit; lower 
boundary below bottom of pit. 
 
 
Clay or Silt 





































































Karaikal Pit 2—500 meters inland; February 27, 2008 
 
 
0-1 cm = White; loose; fine sand; subrounded; 95% 
quartz, 5% feldspar; distinct, hummocky lower 
boundary. 
 
1-5 cm = Gray; dense; clay; distinct lower boundary. 
 
5-15 cm = Gray; dense; interbedded, sandy clay; 
distinct lower boundary. 
 
15-30+ cm = Brown; sticky; mottled clay; lower 
boundary below bottom of pit. 
 

















Clay or Silt 
























































Kallar Pit 1—200 meters inland; February 24, 2008 
 
 
0-5 cm = White; loose; mixed, fine sand; subrounded; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
bioturbated; distinct, hummocky lower boundary. 
 
5-10 cm = White; loose; numerous dark mineral 
laminations, fine sand; subrounded; 75% quartz 5% 
feldspar 20% dark mafic minerals; distinct lower 
boundary. 
 
10-46 cm = White; loose; numerous dark mineral 
laminations, fine sand; subrounded to subangular; 
65% quartz, 5% feldspar, 30% dark mafic minerals; 
distinct lower boundary. 
 
46-100 cm = Red; moderately dense; mottled, fine 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; lower boundary 
below bottom of pit. 

















Clay or Silt 
























































Kallar Pit 2—160 meters inland; February 24, 2008 
 




0-10 cm = White; loose; massive, fine sand; 
subrounded; 85% quartz, 5% feldspar, 10% dark 
mafic minerals; distinct lower boundary. 
 
10-24 cm = White; loose; laminated, fine sand; 
subrounded to subangular; 75% quartz, 5% feldspar, 
20% dark mafic minerals; distinct, undulatory lower 
boundary. 
 
24-43 cm = Red; moderately dense; mottled, fine 
sand; subrounded; 90% quartz, 5% feldspar, 5% dark 
















Clay or Silt 























































Figure A31. Stratigraphic column and description of Vailanganni Pit 1 
 
Vailanganni Pit 1—100 meters inland; February 24, 2008 
 
0-5 cm = White; loose; thin dark mineral 
laminations, fine sand; subrounded; 95% quartz, 
5% feldspar; distinct lower boundary. 
 
5-13 cm = Moderate brown to dark brown; loose; 
mottled fine sand; subrounded; 95% quartz, 5% 
feldspar; distinct lower boundary. 
 
13-40 cm = Red-tan; moderately dense; mottled 
fine sand; normally graded; subrounded to 
subangular; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; diffuse lower boundary. 
 
40-56 cm = Gray to dark gray; moderately dense; 
fine sand; subrounded to subangular; 90% quartz, 
10% dark mafic minerals; distinct lower boundary. 
 
56-72 cm = Yellowish-tan; loose; mottled fine 
sand; subrounded to subangular; 90% quartz, 
10% feldspar; distinct lower boundary. 
 
72-79 cm = Dark brown to black; dense; fine sand; 
subrounded; 90% quartz, 5% feldspar; 5% dark 
mafic minerals; abundant organics; distinct, 
hummocky lower boundary. 
 
79-97+ cm = Gray; dense; silty-clayey fine sand; 
subrounded; sand is 80% quartz 10% feldspar; 
10% dark mafic minerals; diffuse lower boundary 
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 Figure A32. Stratigraphic column and description of Vailanganni Pit 2 
 
Vailanganni Pit 2—130 meters inland; February 24, 2008 
 
 
0-5 cm = White; loose; fine sand; subrounded; 
95% quartz, 5% feldspar; distinct lower boundary. 
 
5-9 cm = Dark brown to black; dense; fine sand; 
subrounded; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; abundant organics; distinct lower 
boundary. 
 
9-26 cm = Red and tan; moderately dense; mottled 
fine sand; subrounded to subangular; 90% quartz, 
5% feldspar, 5% dark mafic minerals; diffuse lower 
boundary. 
 
26-39 cm = Red; moderately dense; mottled fine 
sand; subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct, 
undulatory lower boundary. 
 
39-77 cm = Gray; moderately dense; fine sand; 
subrounded; 90% quartz, 10% dark mafic 
minerals; brick fragments; distinct, mottled lower 
boundary. 
 
77-84 cm = Tan; loose; fine sand; subrounded to 
subangular; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; distinct, hummocky lower 
boundary. 
 
84-91 cm = Orange-tan; loose; mottled fine sand; 
subrounded to subangular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct, 
undulatory lower boundary. 
 
91-100 cm = Blue-gray; moderately dense; silty 
fine sand; subangular to subrounded; 90% quartz, 
5% feldspar, 5% dark mafic minerals; lower 
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Vailanganni Pit 3—130 meters inland, 100m N of Pit 2; February 24, 2008 
  
0-4 cm = White; loose; fine sand; subrounded; 
95% quartz, 5% feldspar; distinct lower boundary. 
 
4-17 cm = Red; loose; mottled, fine sand; 
subrounded; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; distinct lower boundary. 
 
17-34 cm = Gray; moderately dense; fine-medium 
sand; subrounded to subanbular; 90% quartz, 5% 
feldspar, 5% dark mafic minerals; distinct lower 
boundary. 
 
34-50 cm = White-orange; loose; fine sand; 
subrounded; 90% quartz, 10% feldspar; distinct 
lower boundary. 
 
50-58 cm = White-orange with black; moderately 
dense; fine laminated sand; subrounded to 
subangular; 65% quartz, 5% feldspar, 30% dark 
mafic minerals; distinct, hummocky lower 
boundary.  
 
58- 100+ cm = Gray; moderately dense; weakly 
laminated medium sand; subangular to 
subrounded; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; laminations are as deep as 1 
meter; lower boundary below bottom of pit. 
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Puthupalli Pit 1—500 meters inland; February 26, 2008 
 
0-5 cm = Tan; moderately dense; thin dark mineral 
laminations; fine sand; subrounded to subangular; 
75% quartz, 5% feldspar, 20% dark mafic minerals; 
bioturbated w/ evidence of soil formation; Distinct, 
hummocky lower boundary. 
 
5-12 cm = White; loose; laminated, fine sand; 
subrounded to subangular; 85% quartz 5% feldspar, 
10% dark mafic minerals; distinct, undulatory lower 
boundary. 
 
12-16 cm = Gray-red; moderately dense; mottled, 
fine sand; subrounded to subangular; 90% quartz, 
5% feldspar, 5% dark mafic minerals; abundant 
organic material; distinct, hummocky lower boundary. 
 
16-23 cm = Red and gray; moderately dense; 
mottled, fine sand; subrounded to subangular; 90% 
quartz, 5% feldspar, 5% dark mafic minerals; diffuse 
lower boundary. 
 
23-50 cm = Gray-tan; moderately dense; massive, 
fine sand; subrounded to subangular; 95% quartz, 
5% feldspar; lower boundary below bottom of pit. 
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Vilundamavadi Pit 1—450 meters inland; February 26, 2008 
 
94-180 cm = Red and tan; moderately dense; 
heavily laminated, mottled fine sand; subrounded 
to subangular; 80% quartz, 5% feldspar, 15% dark 
mafic minerals; laminations broken and truncated 
in places; distinct lower boundary. 
 
180-190 cm = Red; moderately dense; mottled fine 
sand; subrounded to subangular; 85% quartz, 5% 
feldspar, 10% dark mafic minerals; occasional 
laminations; some evidence of soil development 
and silt leaching; distinct lower boundary. 
 
190-220 cm = Tan; moderately dense; massive 
fine sand; subrounded; 90% quartz, 5% feldspar, 
5% dark mafic minerals; lower boundary below 
base of pit. 
 
Figure A35. Stratigraphic column and description of Vilundamavadi Pit 1, 
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Vilundamavadi Pit 2—150 meters inland; February 26, 2008 
 
0-10 cm = White; loose; fine sand; subrounded to 
subangular; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; roots and grass as deep as 5 cm; 
distinct lower boundary. 
 
10-28 cm = Tan; moderately dense; laminated, 
fine sand; subrounded to subangular; 85% quartz, 
5% feldspar, 10% dark mafic minerals; distinct, 
hummocky lower boundary. 
 
28-40+ cm = Gray and orange; moderately dense; 
mottled, fine sand; subrounded to subangular; 
90% quartz, 5% feldspar, 5% dark mafic minerals; 
lower boundary below base of pit. 
 

















Clay or Silt 

























































Pushpavanam Pit 1—300 meters inland; February 25, 2008 
  
0-10 cm = Tan; moderately dense; silty sand; 
subrounded to subangular; 80% quartz, 5% feldspar 
15% dark mafic minerals; evidence of soil 
development and roots; distinct lower boundary.  
 
10-24 cm = Tan; moderately dense; faintly laminated, 
fine sand; subrounded to subangular; 75% quartz, 
5% feldspar, 20% dark mafic minerals; diffuse, 
hummocky lower boundary. 
 
24-40+ cm = Gray; moderately dense; faintly 
laminated, fine sand; subrounded to subangular; 
75% quartz, 5% feldspar, 20% dark mafic minerals; 
laminations broken and bioturbated; lower boundary 
below base of pit. 
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Vedaranyam Pit 1—200 meters inland; February 25, 2008 
 
0-3.5 cm = White; loose; very fine sand; 
subrounded; 95% quartz, 5% feldspar; distinct 
lower boundary. 
 
3.5-5 cm = Gray; dense; hummocky, silty clay; 
distinct lower boundary. 
 
5-10 cm = Tan; moderately dense; fine sand; 
subrounded; 90% quartz, 5% feldspar, 5% dark 
mafic minerals; contains roots; distinct lower 
boundary. 
 
10-15 cm = Tan; moderately dense; interbedded 
fine sand and clay; sand is subrounded; 95% 
quartz 5% feldspar; clay ripup clasts; distinct, 
hummocky lower boundary. 
 
15-16 cm = Black; moderately dense; organic 
sand; subrounded; 90% quartz, 5% feldspar, 5% 
dark mafic minerals; distinct lower boundary. 
 
16-47 cm = Tan; moderately dense; heavily 
laminated, fine sand; subrounded; 65% quartz, 5% 
feldspar, 30% dark mafic minerals; distinct lower 
boundary. 
 
47-84+ cm = Tan; moderately dense; faintly 
laminated, fine sand; subrounded; 85% quartz, 5% 
feldspar, 10% dark mafic minreals; lower boundary 
below base of pit. 
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Vedaranyam Pit 2—210 meters inland; February 25, 2008 
 
0-5 cm = Gray-brown; thick, sticky clay; surficial 
mudcracks; distinct lower boundary. 
 
5-13 cm = Tan; moderately dense; thin dark 
mineral laminations, fine sand; subrounded to 
subangular; 75% quartz, 5% feldspar, 20% dark 
mafic minerals; distinct lower boundary. 
 
13-25 cm = Tan; moderately dense; thin dark 
mineral laminations; interbedded sand and clay; 
subrounded; 65% quartz, 5% feldspar, 30% dark 
mafic minerals; soft sediment deformation; distinct, 
hummocky lower boundary. 
 
25-40 cm = Brown; moderately dense; massive, 
fine sand; subrounded to subangular; 90% quartz, 
5% feldspar, 5% dark mafic minerals, trace clay 
leaching; distinct lower boundary. 
 
40-70 cm = Gray; moderately dense; massive, fine 
sand; subrounded to subangular; 90% quarts, 5% 
feldspar, 5% dark mafic minerals; lower boundary 
below base of pit. 
 

















Clay or Silt 













































Vedaranyam Pit 3—300 meters inland; February 25, 2008 
 
0-5 cm = White; loose; fine sand; 90% quartz, 10% 
feldspar; distinct lower boundary. 
 
5-8 cm = Gray; dense clay; distinct lower 
boundary. 
 
8-30 cm = White-tan; moderately dense; 
laminated, fine sand; 75% quartz, 5% feldspar, 
20% dark mafic minerals; distinct, undulatory, 
erosional lower boundary. 
 
30-70 cm = Tan; moderately dense; thin dark 
mineral laminations, fine sand; 85% quarts, 5% 
feldspar, 10% dark mafic minerals; lower boundary 
below base of pit. 
 

















Clay or Silt 

















 Mastersizer laser diffractometer  data is compared to wet sieve data from 
Mamallapuram Pit #1 in Figures B1-B4.  Grain size data is summarized in Table B1.  
Grain size calculations using the data in Table B1 are summarized in Table B2.  The 
order of the tables is based on what order we sampled in the field.  For example, 
Aalikuppam sample 02-09-08-S5 was sampled on February 9
th
, 2008 and was sample 




































Comparison of Mastersizer Data to Sieve Data 
 This section shows a comparison between sieve data in this study to Mastersizer 
2000 data in this study (Figures B1-B4).  The sample location analyzed is Mamallapuram 
pit 1.  The overall finer signature of the sieve results were expected as a result of sieve 
analysis effectively measuring the short axis of each grain, whereas the Mastersizer takes 
a average size of each individual grain in 3D space.  The overall trends are noticeably 
similar.  It is worth noting that where the statistics diverge (i.e., 6 cm depth on Figure B1) 
there is an abundance of mafic minerals which were elongate relative to the otherwise 
quartz-dominated samples.  This led to a much finer measurement in the sieve analysis of 






































































































































































































































































Figure B4. Sieve kurtosis vs. Mastersizer kurtosis Mamallapuram Pit 1. 
144 
 
Table B1. GRAIN SIZE DATA: MEASURED BY MASTERSIZER 2000 
Site  Sample Pit 
Distance  
Inland φ 95 φ84 φ75 φ50 φ25 φ16 φ5 
Aalikuppam 02-09-08-S5 1 150 2.36 1.89 1.62 1.14 0.66 0.45 0.06 
Aalikuppam 02-09-08-S6 1 150 2.54 2.05 1.81 1.33 0.81 0.60 0.24 
Aalikuppam 02-09-08-S7 1 150 2.38 1.97 1.76 1.23 0.73 0.51 0.12 
Aalikuppam 02-09-08-S8 1 150 2.37 1.93 1.72 1.20 0.73 0.50 0.11 
Aalikuppam 02-09-08-S9 1 150 2.21 1.83 1.58 1.09 0.58 0.40 0.02 
Aalikuppam 02-09-08-S10 1 150 2.13 1.73 1.53 1.04 0.54 0.37 -0.01 
Aalikuppam 02-09-08-S11 1 150 2.06 1.71 1.51 1.07 0.65 0.46 0.16 
Aalikuppam 02-09-08-S12 1 150 2.02 1.54 1.36 0.85 0.38 0.16 -0.22 
Aalikuppam 02-09-08-S13 1 150 1.92 1.49 1.25 0.76 0.27 0.06 -0.34 
Aalikuppam 02-09-08-S14 1 150 2.24 1.83 1.60 1.13 0.68 0.46 0.09 
Aalikuppam 02-09-08-S15 1 150 2.31 1.93 1.73 1.31 0.92 0.72 0.37 
Aalikuppam 02-09-08-S16 1 150 2.40 2.03 1.81 1.37 0.93 0.74 0.37 
Aalikuppam 02-09-08-S17 1 150 2.09 1.69 1.45 0.99 0.52 0.32 -0.03 
Thiruvadandhai 02-11-08-S18 1 50 1.84 1.45 1.29 0.87 0.46 0.28 -0.03 
Thiruvadandhai 02-11-08-S19 1 50 2.22 1.79 1.56 1.10 0.61 0.42 0.06 
Thiruvadandhai 02-11-08-S20 1 50 2.03 1.69 1.51 1.07 0.66 0.47 0.14 
Thiruvadandhai 02-11-08-S21 2 100 5.11 3.24 2.60 1.71 1.12 0.87 0.40 
Thiruvadandhai 02-11-08-S22 2 100 2.60 2.13 1.94 1.49 1.06 0.88 0.56 
Thiruvadandhai 02-11-08-S23 2 100 2.63 2.18 1.97 1.47 1.00 0.79 0.40 
Thiruvadandhai 02-11-08-S24 2 100 2.44 1.97 1.71 1.19 0.74 0.50 0.09 
Thiruvadandhai 02-11-08-S25 2 100 2.60 1.81 1.53 0.98 0.47 0.25 -0.18 
Thiruvadandhai 02-11-08-S26 2 100 2.42 1.97 1.71 1.21 0.74 0.52 0.14 
Thiruvadandhai 02-11-08-S27 2 100 2.25 1.85 1.63 1.21 0.81 0.61 0.27 
Thiruvadandhai 02-11-08-S28 2 100 2.43 2.04 1.88 1.47 1.08 0.92 0.56 
Thiruvadandhai 02-11-08-S29 2 100 2.40 2.01 1.81 1.42 1.03 0.84 0.51 
Thiruvadandhai 02-11-08-S30 3 150 2.20 1.79 1.58 1.07 0.60 0.42 0.08 
Thiruvadandhai 02-11-08-S31 3 150 2.05 1.65 1.42 0.98 0.52 0.35 0.01 
Thiruvadandhai 02-11-08-S32 3 150 1.88 1.51 1.31 0.88 0.47 0.27 -0.09 
Thiruvadandhai 02-11-08-S33 3 150 1.92 1.57 1.37 0.94 0.50 0.31 -0.06 
Thiruvadandhai 02-11-08-S34 3 150 2.05 1.61 1.42 0.94 0.46 0.26 -0.11 
Thiruvadandhai 02-11-08-S35 3 150 2.43 1.94 1.73 1.22 0.75 0.52 0.18 
Thiruvadandhai 02-11-08-S36 3 150 2.41 1.94 1.71 1.23 0.75 0.56 0.19 
Thiruvadandhai 02-11-08-S37 3 150 1.98 1.58 1.40 0.94 0.50 0.29 -0.04 
Thiruvadandhai 02-11-08-S38 3 150 2.29 1.86 1.62 1.14 0.69 0.46 0.10 
Thiruvadandhai 02-11-08-S39 3 150 1.78 1.38 1.19 0.74 0.33 0.12 -0.21 
Thiruvadandhai 02-11-08-S40 3 150 1.89 1.47 1.23 0.74 0.26 0.02 -0.38 
Thiruvadandhai 02-11-08-S41 3 150 1.64 1.21 1.00 0.51 0.03 -0.20 -0.58 
Thiruvadandhai 02-11-08-S42 3 150 1.67 1.27 1.06 0.59 0.10 -0.03 -0.47 
Thiruvadandhai 02-11-08-S43 3 150 1.40 1.05 0.85 0.44 0.03 -0.17 -0.48 
Thiruvadandhai 02-11-08-S44 3 150 2.05 1.62 1.38 0.94 0.48 0.26 -0.10 
Thiruvadandhai 02-11-08-S45 3 150 2.15 1.74 1.51 1.01 0.59 0.39 0.02 
Thiruvadandhai 02-11-08-S46 3 150 1.81 1.38 1.14 0.68 0.20 0.01 -0.39 
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Thiruvadandhai 02-11-08-S47 3 150 2.22 1.74 1.48 1.00 0.49 0.28 -0.09 
Thiruvadandhai 02-11-08-S48 3 150 1.70 1.29 1.09 0.58 0.10 -0.12 -0.49 
Thiruvadandhai 02-11-08-S49 3 150 1.89 1.45 1.22 0.75 0.23 0.01 -0.40 
Thiruvadandhai 02-11-08-S50 3 150 1.89 1.51 1.29 0.80 0.52 0.14 -0.22 
Thiruvadandhai 02-11-08-S51 4 200 1.88 1.49 1.30 0.83 0.37 0.17 -0.17 
Thiruvadandhai 02-11-08-S52 4 200 3.16 2.09 1.75 1.20 0.61 0.34 -0.05 
Thiruvadandhai 02-11-08-S53 5 250 2.20 1.81 1.60 1.06 0.56 0.34 -0.04 
Thiruvadandhai 02-11-08-S54 5 250 2.04 1.56 1.34 0.79 0.32 0.06 -0.33 
Thiruvadandhai 02-11-08-S55 6 280 1.84 1.42 1.19 0.66 0.19 -0.04 -0.44 
Thiruvadandhai 02-11-08-S56 7 300 1.89 1.43 1.22 0.72 0.23 0.01 -0.38 
Thiruvadandhai 02-11-08-S57 8 320 2.40 1.87 1.62 1.12 0.63 0.42 0.06 
Kovalam 02-12-08-S58 1 40 2.63 2.12 1.85 1.35 0.86 0.66 0.26 
Kovalam 02-12-08-S59 1 40 2.33 1.88 1.61 1.10 0.59 0.40 0.01 
Kovalam 02-12-08-S60 1 40 2.05 1.65 1.43 0.95 0.48 0.26 -0.09 
Kovalam 02-12-08-S61 1 40 2.58 2.09 1.84 1.34 0.87 0.57 0.26 
Kovalam 02-12-08-S62 1 40 2.64 2.14 1.90 1.38 0.90 0.67 0.29 
Kovalam 02-12-08-S63 1 40 2.70 2.24 2.01 1.55 1.07 0.87 0.47 
Kovalam 02-12-08-S64 1 40 2.43 1.94 1.73 1.23 0.76 0.54 0.16 
Kovalam 02-12-08-S65 1 40 2.59 2.22 2.00 1.56 1.18 0.99 0.59 
Kovalam 02-12-08-S66 1 40 2.69 2.29 2.08 1.59 1.14 0.94 0.55 
Mamallapuram 02-13-08-S71 2 200 2.41 2.00 1.79 1.36 0.88 0.68 0.34 
Mamallapuram 02-13-08-S72 2 200 2.60 2.11 1.88 1.36 0.88 0.66 0.29 
Mamallapuram 02-13-08-S73 3 250 2.45 2.03 1.81 1.32 0.82 0.62 0.26 
Mamallapuram 02-13-08-S74 3 250 2.44 1.85 1.62 1.14 0.66 0.44 0.09 
Mamallapuram 02-15-08-S75 4 350 2.43 1.83 1.60 1.09 0.63 0.42 0.06 
Mamallapuram 02-15-08-S76 4 350 2.31 1.82 1.58 1.10 0.61 0.42 0.08 
Mamallapuram 02-15-08-S77 5 450 2.43 1.86 1.62 1.16 0.71 0.50 0.17 
Mamallapuram 02-15-08-S78 5 450 2.48 2.00 1.76 1.26 0.80 0.58 0.22 
Mamallapuram 02-15-08-S79 6 500 2.16 1.76 1.56 1.15 0.74 0.52 0.21 
Mamallapuram 02-15-08-S80 6 500 2.43 2.00 1.78 1.34 0.86 0.66 0.33 
Mamallapuram 02-15-08-S81 Dune 520 2.45 2.00 1.78 1.31 0.86 0.66 0.32 
Mamallapuram 02-15-08-S82 1 120 2.06 1.66 1.47 1.01 0.56 0.34 0.07 
Mamallapuram 02-15-08-S83 1 120 2.37 1.97 1.80 1.30 0.80 0.58 0.26 
Mamallapuram 02-15-08-S84 1 120 2.44 2.00 1.76 1.26 0.81 0.62 0.25 
Mamallapuram 02-15-08-S85 1 120 2.29 1.88 1.66 1.18 0.71 0.50 0.21 
Mamallapuram 02-15-08-S86 1 120 2.40 1.94 1.71 1.23 0.97 0.54 0.25 
Mamallapuram 02-15-08-S87 1 120 2.22 1.81 1.56 1.12 0.67 0.47 0.12 
Mamallapuram 02-15-08-S88 1 120 2.06 1.64 1.43 0.97 0.48 0.29 -0.06 
Mamallapuram 02-15-08-S89 1 120 2.24 1.83 1.60 1.10 0.63 0.42 0.09 
Mamallapuram 02-15-08-S90 1 120 2.24 1.83 1.60 1.08 0.62 0.44 0.07 
Mamallapuram 02-15-08-S91 1 120 2.11 1.68 1.46 1.01 0.55 0.35 0.01 
Mamallapuram 02-15-08-S92 1 120 2.03 1.60 1.38 0.92 0.44 0.22 -0.13 
Mamallapuram 02-15-08-S93 1 120 2.12 1.71 1.47 1.01 0.56 0.32 -0.01 
Mamallapuram 02-15-08-S94 1 120 2.24 1.81 1.58 1.09 0.62 0.43 0.08 
Mamallapuram 02-15-08-S95 1 120 2.00 1.62 1.38 0.94 0.47 0.29 -0.03 
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Mamallapuram 02-15-08-S96 1 120 2.22 1.76 1.54 1.01 0.54 0.31 -0.03 
Mamallapuram 02-15-08-S97 1 120 2.89 2.22 1.97 1.40 0.89 0.66 0.24 
Mamallapuram 02-15-08-S98 1 120 3.04 2.32 2.03 1.47 0.97 0.72 0.30 
Mamallapuram 02-15-08-S99 1 120 2.83 2.18 1.92 1.36 0.82 0.60 0.20 
Mamallapuram 02-15-08-S100 1 120 3.02 2.22 1.92 1.34 0.84 0.60 0.19 
Mamallapuram 02-15-08-S101 1 120 2.51 2.00 1.74 1.22 0.66 0.41 0.02 
Mamallapuram 02-15-08-S102 1 120 2.41 1.87 1.62 1.10 0.57 0.39 0.01 
Vadanemelli 02-16-08-S104 1 100 2.46 1.69 1.43 0.78 0.21 -0.01 -0.38 
Vadanemelli 02-16-08-S105 1 100 2.13 1.69 1.47 1.00 0.51 0.30 -0.07 
Vadanemelli 02-16-08-S106 1 100 2.07 1.64 1.43 0.93 0.45 0.25 -0.11 
Vadanemelli 02-16-08-S107 1 100 4.06 1.84 1.55 0.98 0.47 0.25 -0.16 
Vadanemelli 02-16-08-S108 1 100 1.86 1.43 1.23 0.74 0.27 0.06 -0.27 
Vadanemelli 02-16-08-S109 1 100 4.64 1.88 1.56 0.92 0.38 0.14 -0.27 
Vadanemelli 02-16-08-S110 1 100 2.05 1.62 1.36 0.87 0.40 0.20 -0.18 
Vadanemelli 02-16-08-S111 1 100 2.62 1.99 1.74 1.15 0.63 0.36 -0.07 
Vadanemelli 02-16-08-S112 1 100 2.26 1.67 1.42 0.91 0.43 0.22 -0.17 
Vadanemelli 02-16-08-S113 1 100 3.25 2.07 1.75 1.10 0.55 0.29 -0.13 
Vadanemelli 02-16-08-S114 1 100 1.65 1.31 1.11 0.71 0.29 0.10 -0.26 
Aalikuppam 02-17-08-S115 2 200 2.29 1.91 1.69 1.22 0.77 0.55 0.21 
Aalikuppam 02-17-08-S116 2 200 2.22 1.83 1.60 1.10 0.60 0.42 0.02 
Aalikuppam 02-17-08-S117 3 350 2.20 1.79 1.54 1.03 0.52 0.32 -0.06 
Aalikuppam 02-17-08-S118 3 350 1.83 1.42 1.22 0.79 0.37 0.17 -0.20 
Aalikuppam 02-17-08-S119 3 350 2.09 1.75 1.56 1.10 0.71 0.52 0.19 
Aalikuppam 02-17-08-S120 4 400 2.05 1.69 1.51 1.09 0.71 0.51 0.17 
Aalikuppam 02-17-08-S121 4 400 2.18 1.80 1.56 1.16 0.76 0.58 0.25 
Karikattakuppam 02-18-08-S122 1 200 2.56 2.18 1.99 1.59 1.19 1.00 0.66 
Karikattakuppam 02-18-08-S123 1 200 2.56 2.12 2.02 1.60 1.22 1.03 0.69 
Karikattakuppam 02-18-08-S124 2 100 2.45 2.03 1.83 1.37 0.94 0.74 0.41 
Karikattakuppam 02-18-08-S125 3 150 2.64 2.12 1.86 1.34 0.80 0.60 0.21 
Karikattakuppam 02-18-08-S126 3 150 2.84 2.12 1.86 1.29 0.77 0.50 0.10 
Karikattakuppam 02-18-08-S127 4 200 2.65 2.18 1.94 1.44 0.99 0.76 0.37 
Muttukaddu 02-18-08-S128 1 500 5.64 3.63 3.32 2.65 2.04 1.68 1.01 
Muttukaddu 02-18-08-S129 1 500 4.04 3.49 3.22 2.65 2.05 1.71 1.05 
Muttukaddu 02-18-08-S130 1 500 6.38 3.99 3.74 3.20 2.70 2.44 1.88 
Muttukaddu 02-18-08-S131 1 500 3.18 2.63 2.38 1.81 1.32 1.04 0.62 
Muttukaddu 02-18-08-S132 1 500 6.80 3.64 3.21 2.43 1.66 1.38 0.64 
Vailanganni 02-24-08-S133 1 100 3.57 3.08 2.89 2.44 2.01 1.82 1.48 
Vailanganni 02-24-08-S134 1 100 3.24 2.65 2.38 1.76 1.09 0.81 0.24 
Vailanganni 02-24-08-S135 1 100 3.37 2.88 2.67 2.24 1.83 1.65 1.37 
Vailanganni 02-24-08-S136 1 100 5.51 3.01 2.76 2.31 1.83 1.62 1.32 
Vailanganni 02-24-08-S137 1 100 3.44 2.84 2.59 2.20 1.79 1.59 1.22 
Vailanganni 02-24-08-S138 1 100 3.52 2.85 2.63 2.18 1.74 1.53 1.19 
Vailanganni 02-24-08-S139 1 100 7.97 3.40 2.83 2.18 1.71 1.49 1.08 
Vailanganni 02-24-08-S140 2 130 3.41 2.98 2.76 2.22 1.74 1.49 1.06 
Vailanganni 02-24-08-S141 2 130 3.43 2.94 2.72 2.27 1.84 1.70 1.38 
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Vailanganni 02-24-08-S142 3 130 5.80 3.43 3.12 2.51 1.94 1.72 1.29 
Vailanganni 02-24-08-S143 3 130 3.57 2.95 2.75 2.31 1.86 1.69 1.37 
Vailanganni 02-24-08-S144 3 130 3.05 2.73 2.54 2.11 1.72 1.51 1.16 
Kallar 02-24-08-S145 1 200 3.10 2.76 2.56 2.16 1.76 1.60 1.28 
Kallar 02-24-08-S146 1 200 2.89 2.56 2.36 1.96 1.61 1.43 1.10 
Kallar 02-24-08-S147 1 200 3.43 2.93 2.70 2.19 1.66 1.43 0.94 
Pushpavanam 02-25-08-S148 1 300 3.43 3.01 2.81 2.40 2.02 1.82 1.49 
Pushpavanam 02-25-08-S149 1 300 3.38 3.01 2.85 2.44 2.05 1.87 1.58 
Vilundamavadi 02-26-08-S150 1 450 3.07 2.73 2.57 2.12 1.71 1.52 1.22 
Vilundamavadi 02-26-08-S151 1 450 3.27 2.87 2.67 2.24 1.81 1.62 1.31 
Puthupalli 02-26-08-S152 1 500 3.27 2.87 2.67 2.18 1.72 1.53 1.13 
Puthupalli 02-26-08-S153 1 500 3.57 3.04 2.85 2.46 2.11 1.94 1.60 
Karaikal 02-27-08-S154 1 200 3.25 2.88 2.64 2.18 1.73 1.50 1.10 
Karaikal 02-27-08-S155 1 200 3.61 3.05 2.86 2.47 2.13 1.92 1.58 
Tranquebar 02-27-08-S156 1 900 7.64 4.51 3.21 2.45 1.90 1.67 1.23 
Tranquebar 02-27-08-S157 1 900 7.97 5.44 3.24 2.51 2.01 1.76 1.37 
Cuddalore 02-28-08-S158 1 100 3.01 2.60 2.44 2.05 1.63 1.49 1.15 
Cuddalore 02-28-08-S159 1 100 3.18 2.69 2.47 2.02 1.61 1.42 1.08 





TABLE B2. GRAIN SIZE CALCULATIONS 
 
Site  Sample Pit Mean Sorting Skewness Kurtosis 
Aalikuppam 02-09-08-S5 1 1.16 0.71 0.05 0.91 
Aalikuppam 02-09-08-S6 1 1.33 0.71 0.02 0.94 
Aalikuppam 02-09-08-S7 1 1.24 0.71 0.01 0.95 
Aalikuppam 02-09-08-S8 1 1.21 0.70 0.03 0.92 
Aalikuppam 02-09-08-S9 1 1.11 0.69 0.03 0.90 
Aalikuppam 02-09-08-S10 1 1.04 0.66 0.02 0.87 
Aalikuppam 02-09-08-S11 1 1.08 0.60 0.03 0.67 
Aalikuppam 02-09-08-S12 1 0.85 0.68 0.02 0.90 
Aalikuppam 02-09-08-S13 1 0.77 0.70 0.02 0.91 
Aalikuppam 02-09-08-S14 1 1.14 0.67 0.03 0.81 
Aalikuppam 02-09-08-S15 1 1.32 0.60 0.03 0.64 
Aalikuppam 02-09-08-S16 1 1.38 0.63 0.02 0.73 
Aalikuppam 02-09-08-S17 1 1.00 0.66 0.03 0.81 
Thiruvadandhai 02-11-08-S18 1 0.87 0.58 0.02 0.64 
Thiruvadandhai 02-11-08-S19 1 1.10 0.67 0.02 0.83 
Thiruvadandhai 02-11-08-S20 1 1.08 0.59 0.01 0.66 
Thiruvadandhai 02-11-08-S21 2 1.94 1.31 0.36 2.86 
Thiruvadandhai 02-11-08-S22 2 1.50 0.62 0.05 0.74 
Thiruvadandhai 02-11-08-S23 2 1.48 0.69 0.02 0.89 
Thiruvadandhai 02-11-08-S24 2 1.22 0.72 0.06 0.94 
Thiruvadandhai 02-11-08-S25 2 1.01 0.81 0.12 1.21 
Thiruvadandhai 02-11-08-S26 2 1.23 0.71 0.05 0.91 
Thiruvadandhai 02-11-08-S27 2 1.22 0.61 0.03 0.67 
Thiruvadandhai 02-11-08-S28 2 1.48 0.56 0.02 0.61 
Thiruvadandhai 02-11-08-S29 2 1.43 0.58 0.02 0.60 
Thiruvadandhai 02-11-08-S30 3 1.09 0.66 0.06 0.85 
Thiruvadandhai 02-11-08-S31 3 0.99 0.63 0.04 0.75 
Thiruvadandhai 02-11-08-S32 3 0.88 0.61 0.02 0.68 
Thiruvadandhai 02-11-08-S33 3 0.94 0.61 0.00 0.70 
Thiruvadandhai 02-11-08-S34 3 0.93 0.66 0.02 0.84 
Thiruvadandhai 02-11-08-S35 3 1.23 0.70 0.05 0.90 
Thiruvadandhai 02-11-08-S36 3 1.25 0.68 0.04 0.88 
Thiruvadandhai 02-11-08-S37 3 0.94 0.63 0.02 0.74 
Thiruvadandhai 02-11-08-S38 3 1.15 0.68 0.04 0.84 
Thiruvadandhai 02-11-08-S39 3 0.75 0.62 0.03 0.71 
Thiruvadandhai 02-11-08-S40 3 0.74 0.71 0.01 0.90 
Thiruvadandhai 02-11-08-S41 3 0.51 0.69 0.01 0.88 
Thiruvadandhai 02-11-08-S42 3 0.61 0.65 0.03 0.84 
Thiruvadandhai 02-11-08-S43 3 0.44 0.59 0.01 0.63 
Thiruvadandhai 02-11-08-S44 3 0.94 0.67 0.02 0.79 
Thiruvadandhai 02-11-08-S45 3 1.05 0.66 0.07 0.81 
Thiruvadandhai 02-11-08-S46 3 0.69 0.67 0.03 0.84 
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Thiruvadandhai 02-11-08-S47 3 1.01 0.71 0.03 0.93 
Thiruvadandhai 02-11-08-S48 3 0.59 0.68 0.01 0.88 
Thiruvadandhai 02-11-08-S49 3 0.74 0.71 -0.02 0.93 
Thiruvadandhai 02-11-08-S50 3 0.82 0.66 0.03 0.66 
Thiruvadandhai 02-11-08-S51 4 0.83 0.64 0.02 0.78 
Thiruvadandhai 02-11-08-S52 4 1.21 0.92 0.12 1.49 
Thiruvadandhai 02-11-08-S53 5 1.07 0.71 0.02 0.95 
Thiruvadandhai 02-11-08-S54 5 0.80 0.73 0.04 0.99 
Thiruvadandhai 02-11-08-S55 6 0.68 0.71 0.04 0.93 
Thiruvadandhai 02-11-08-S56 7 0.72 0.70 0.02 0.92 
Thiruvadandhai 02-11-08-S57 8 1.14 0.72 0.06 0.95 
Kovalam 02-12-08-S58 1 1.38 0.72 0.07 0.96 
Kovalam 02-12-08-S59 1 1.13 0.72 0.05 0.97 
Kovalam 02-12-08-S60 1 0.96 0.67 0.02 0.84 
Kovalam 02-12-08-S61 1 1.33 0.73 0.02 0.92 
Kovalam 02-12-08-S62 1 1.40 0.72 0.05 0.97 
Kovalam 02-12-08-S63 1 1.56 0.68 0.03 0.86 
Kovalam 02-12-08-S64 1 1.24 0.69 0.03 0.90 
Kovalam 02-12-08-S65 1 1.59 0.61 0.05 0.67 
Kovalam 02-12-08-S66 1 1.61 0.66 0.03 0.82 
Mamallapuram 02-13-08-S71 2 1.35 0.64 -0.01 0.77 
Mamallapuram 02-13-08-S72 2 1.38 0.71 0.05 0.95 
Mamallapuram 02-13-08-S73 3 1.32 0.68 0.02 0.88 
Mamallapuram 02-13-08-S74 3 1.14 0.71 0.06 0.93 
Mamallapuram 02-15-08-S75 4 1.11 0.71 0.09 0.94 
Mamallapuram 02-15-08-S76 4 1.11 0.69 0.06 0.88 
Mamallapuram 02-15-08-S77 5 1.17 0.68 0.07 0.84 
Mamallapuram 02-15-08-S78 5 1.28 0.70 0.06 0.89 
Mamallapuram 02-15-08-S79 6 1.15 0.61 0.01 0.66 
Mamallapuram 02-15-08-S80 6 1.33 0.65 0.01 0.79 
Mamallapuram 02-15-08-S81 Dune 1.33 0.66 0.05 0.80 
Mamallapuram 02-15-08-S82 1 1.00 0.63 0.01 0.74 
Mamallapuram 02-15-08-S83 1 1.28 0.67 -0.02 0.86 
Mamallapuram 02-15-08-S84 1 1.29 0.68 0.08 0.85 
Mamallapuram 02-15-08-S85 1 1.19 0.66 0.04 0.81 
Mamallapuram 02-15-08-S86 1 1.24 0.68 0.05 0.65 
Mamallapuram 02-15-08-S87 1 1.14 0.65 0.04 0.76 
Mamallapuram 02-15-08-S88 1 0.97 0.66 0.01 0.82 
Mamallapuram 02-15-08-S89 1 1.12 0.68 0.04 0.85 
Mamallapuram 02-15-08-S90 1 1.12 0.67 0.07 0.87 
Mamallapuram 02-15-08-S91 1 1.01 0.65 0.02 0.78 
Mamallapuram 02-15-08-S92 1 0.91 0.67 0.01 0.83 
Mamallapuram 02-15-08-S93 1 1.02 0.67 0.02 0.80 
Mamallapuram 02-15-08-S94 1 1.11 0.67 0.06 0.85 
Mamallapuram 02-15-08-S95 1 0.95 0.64 0.03 0.75 
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Mamallapuram 02-15-08-S96 1 1.03 0.70 0.05 0.92 
Mamallapuram 02-15-08-S97 1 1.42 0.79 0.09 1.17 
Mamallapuram 02-15-08-S98 1 1.51 0.81 0.10 1.18 
Mamallapuram 02-15-08-S99 1 1.38 0.79 0.08 1.18 
Mamallapuram 02-15-08-S100 1 1.39 0.83 0.14 1.25 
Mamallapuram 02-15-08-S101 1 1.21 0.78 0.01 1.10 
Mamallapuram 02-15-08-S102 1 1.12 0.73 0.06 1.04 
Vadanemelli 02-16-08-S104 1 0.82 0.85 0.13 1.42 
Vadanemelli 02-16-08-S105 1 0.99 0.68 0.01 0.87 
Vadanemelli 02-16-08-S106 1 0.94 0.68 0.04 0.88 
Vadanemelli 02-16-08-S107 1 1.02 1.04 0.27 1.88 
Vadanemelli 02-16-08-S108 1 0.74 0.66 0.03 0.84 
Vadanemelli 02-16-08-S109 1 0.98 1.18 0.31 2.37 
Vadanemelli 02-16-08-S110 1 0.90 0.69 0.05 0.88 
Vadanemelli 02-16-08-S111 1 1.17 0.82 0.06 1.22 
Vadanemelli 02-16-08-S112 1 0.93 0.73 0.08 0.98 
Vadanemelli 02-16-08-S113 1 1.15 0.96 0.18 1.67 
Vadanemelli 02-16-08-S114 1 0.71 0.59 -0.01 0.65 
Aalikuppam 02-17-08-S115 2 1.23 0.65 0.02 0.78 
Aalikuppam 02-17-08-S116 2 1.12 0.69 0.03 0.91 
Aalikuppam 02-17-08-S117 3 1.04 0.71 0.03 0.94 
Aalikuppam 02-17-08-S118 3 0.79 0.62 0.02 0.71 
Aalikuppam 02-17-08-S119 3 1.13 0.59 0.04 0.66 
Aalikuppam 02-17-08-S120 4 1.10 0.58 0.02 0.62 
Aalikuppam 02-17-08-S121 4 1.18 0.60 0.05 0.63 
Karikattakuppam 02-18-08-S122 1 1.59 0.58 0.02 0.62 
Karikattakuppam 02-18-08-S123 1 1.58 0.56 0.00 0.61 
Karikattakuppam 02-18-08-S124 2 1.38 0.63 0.04 0.74 
Karikattakuppam 02-18-08-S125 3 1.35 0.75 0.05 1.06 
Karikattakuppam 02-18-08-S126 3 1.30 0.82 0.08 1.22 
Karikattakuppam 02-18-08-S127 4 1.46 0.70 0.06 0.90 
Muttukaddu 02-18-08-S128 1 2.65 1.19 0.15 2.44 
Muttukaddu 02-18-08-S129 1 2.62 0.90 -0.07 1.43 
Muttukaddu 02-18-08-S130 1 3.21 1.07 0.22 1.91 
Muttukaddu 02-18-08-S131 1 1.83 0.78 0.05 1.11 
Muttukaddu 02-18-08-S132 1 2.49 1.50 0.24 3.92 
Vailanganni 02-24-08-S133 1 2.45 0.63 0.05 0.75 
Vailanganni 02-24-08-S134 1 1.74 0.91 -0.02 1.59 
Vailanganni 02-24-08-S135 1 2.26 0.61 0.09 0.69 
Vailanganni 02-24-08-S136 1 2.32 0.98 0.26 1.59 
Vailanganni 02-24-08-S137 1 2.21 0.65 0.07 0.73 
Vailanganni 02-24-08-S138 1 2.18 0.68 0.08 0.85 
Vailanganni 02-24-08-S139 1 2.36 1.52 0.48 3.14 
Vailanganni 02-24-08-S140 2 2.23 0.73 0.01 0.98 
Vailanganni 02-24-08-S141 2 2.30 0.62 0.10 0.74 
151 
 
Seruthur/Vai 02-24-08-S142 3 2.55 1.11 0.26 2.17 
Seruthur/Vai 02-24-08-S143 3 2.32 0.65 0.09 0.80 
Seruthur/Vai 02-24-08-S144 3 2.12 0.59 0.00 0.64 
Kallar 02-24-08-S145 1 2.17 0.57 0.02 0.60 
Kallar 02-24-08-S146 1 1.98 0.55 0.05 0.55 
Kallar 02-24-08-S147 1 2.18 0.75 -0.01 1.06 
Pushpavanam 02-25-08-S148 1 2.41 0.59 0.04 0.62 
Pushpavanam 02-25-08-S149 1 2.44 0.56 0.02 0.59 
Vilundamavadi 02-26-08-S150 1 2.12 0.58 0.02 0.65 
Vilundamavadi 02-26-08-S151 1 2.24 0.61 0.02 0.69 
Puthupalli 02-26-08-S152 1 2.19 0.66 0.02 0.83 
Puthupalli 02-26-08-S153 1 2.48 0.57 0.09 0.60 
Karaikal 02-27-08-S154 1 2.19 0.67 0.00 0.81 
Karaikal 02-27-08-S155 1 2.48 0.59 0.08 0.60 
Tranquebar 02-27-08-S156 1 2.87 1.68 0.53 3.44 
Tranquebar 02-27-08-S157 1 3.24 1.92 0.63 3.31 
Cuddalore 02-28-08-S158 1 2.05 0.56 0.02 0.62 
Cuddalore 02-28-08-S159 1 2.04 0.64 0.07 0.74 












































































































Figure C2. Satellite Image of northern sites 2-8: 2) Karikattakuppam, 3) 
Muttukaddu, 4) Kovalam, 5) Thiruvadandhai, 6) Vadanemelli, 7) 





























































Figure C3. Satellite Image of southern sites 9-17: 9) Cuddalore, 10) 
Tranquebar, 11) Karaikal, 12) Kallar, 13) Vailanganni, 14) Puthupalli, 15) 

























































































































Figure C5. Karikattakuppam Pit 2.  Note the mafic mineral laminations concentrated 
below the roots and near surface soil development and destruction of sediment 





































































































Figure C7. Tsunami scour fan at Thiruvadandhai.  Note: Anna University graduate 


















































Figure C8. Thiruvadandhai Pit 3.  Note the mafic mineral laminations concentrated 




































































































Figure C10. Mamallapuram Pit 2.  This pit was 200 meters from the swash zone.  


















































Figure C11. Tsunami flotsam line in swale at Aalikuppam.  Looking west, note the 



















































Figure C12. Aalikuppam Pit 4.  Distinct tsunami sand deposit on river terrace.  





















































Figure C13. Aalikuppam seaward beach ridge laminations.  Note the mafic mineral 

































































Figure C16. Vedaranyam Pit 1.  Note, distinct clay deposition over 2004 tsunami 
deposits. 
Table D1. SAMPLE LOCATION, DISTANCE INLAND AND DEPTH 





02-09-08-S5 Aalikuppam 1 150m 0-5 
02-09-08-S6 Aalikuppam 1 150m 5-9 
02-09-08-S7 Aalikuppam 1 150m 10-15 
02-09-08-S8 Aalikuppam 1 150m 15-20 
02-09-08-S9 Aalikuppam 1 150m 20-23 
02-09-08-S10 Aalikuppam 1 150m 23-30 
02-09-08-S11 Aalikuppam 1 150m 30-34 
02-09-08-S12 Aalikuppam 1 150m 34-40 
02-09-08-S13 Aalikuppam 1 150m 40-45 
02-09-08-S14 Aalikuppam 1 150m 50-55 
02-09-08-S15 Aalikuppam 1 150m 60-63 
02-09-08-S16 Aalikuppam 1 150m 70-75 
02-09-08-S17 Aalikuppam 1 150m 80-85 
02-11-08-S18 Thiruvadandhai 1 50m 10-12 
02-11-08-S19 Thiruvadandhai 1 50m 7-9 
02-11-08-S20 Thiruvadandhai 1 50m 13-16 
02-11-08-S21 Thiruvadandhai 2 100m 0-2  
02-11-08-S22 Thiruvadandhai 2 100m 2-3.5 
02-11-08-S23 Thiruvadandhai 2 100m 3.5-5 
02-11-08-S24 Thiruvadandhai 2 100m 6-9 
02-11-08-S25 Thiruvadandhai 2 100m 9-11 
02-11-08-S26 Thiruvadandhai 2 100m 16-18 
02-11-08-S27 Thiruvadandhai 2 100m 20-22 
02-11-08-S28 Thiruvadandhai 2 100m 30-32 
02-11-08-S29 Thiruvadandhai 2 100m 38-40 
02-11-08-S30 Thiruvadandhai 3 150m 0-2 
02-11-08-S31 Thiruvadandhai 3 150m 2-4 
02-11-08-S32 Thiruvadandhai 3 150m 4-6 
02-11-08-S33 Thiruvadandhai 3 150m 6-8 
02-11-08-S34 Thiruvadandhai 3 150m 8-10 
02-11-08-S35 Thiruvadandhai 3 150m 10.5-11 
02-11-08-S36 Thiruvadandhai 3 150m 11-13 
02-11-08-S37 Thiruvadandhai 3 150m 13-15 
02-11-08-S38 Thiruvadandhai 3 150m 15-17 
02-11-08-S39 Thiruvadandhai 3 150m 17-19 
02-11-08-S40 Thiruvadandhai 3 150m 19-21 
02-11-08-S41 Thiruvadandhai 3 150m 21-23 
02-11-08-S42 Thiruvadandhai 3 150m 24-26 
02-11-08-S43 Thiruvadandhai 3 150m 26-28 
02-11-08-S44 Thiruvadandhai 3 150m 28-30 
02-11-08-S45 Thiruvadandhai 3 150m 30-32 
02-11-08-S46 Thiruvadandhai 3 150m 32-33 
02-11-08-S47 Thiruvadandhai 3 150m 33-35 
02-11-08-S48 Thiruvadandhai 3 150m 35-40 
02-11-08-S49 Thiruvadandhai 3 150m 40-45 
02-11-08-S50 Thiruvadandhai 3 150m 45-50 
02-11-08-S51 Thiruvadandhai 4 200m 10-14 
02-11-08-S52 Thiruvadandhai 4 200m 20-25 
02-11-08-S53 Thiruvadandhai 5 250m 0-5 
02-11-08-S54 Thiruvadandhai 5 250m 15-20 
02-11-08-S55 Thiruvadandhai 6 280m 0-3 
02-11-08-S56 Thiruvadandhai 7 300m 0-2 
02-11-08-S57 Thiruvadandhai 8 300+m 0-5 
02-12-08-S58 Kovalam 1 40m 2-4 
02-12-08-S59 Kovalam 1 40m 4-7 
02-12-08-S60 Kovalam 1 40m 7-10 
02-12-08-S61 Kovalam 1 40m 10-12 
02-12-08-S62 Kovalam 1 40m 12-14 
02-12-08-S63 Kovalam 1 40m 15-18 
02-12-08-S64 Kovalam 1 40m 18-20 
02-12-08-S65 Kovalam 1 40m 20-22 
02-12-08-S66 Kovalam 1 40m 22-25 
02-13-08-S71 Mamallapuram 2 200m 16-18 
02-13-08-S72 Mamallapuram 2 200m 28-30 
02-13-08-S73 Mamallapuram 3 250m 6-8 
02-13-08-S74 Mamallapuram 3 250m 36-39 
02-15-08-S75 Mamallapuram 4 350m 0-3 
02-15-08-S76 Mamallapuram 4 350m 8-11 
02-15-08-S77 Mamallapuram 5 450m 0-1 
02-15-08-S78 Mamallapuram 5 450m 14-17 
02-15-08-S79 Mamallapuram 6 500m 0-0.5 
02-15-08-S80 Mamallapuram 6 500m 10-13 
02-15-08-S81 Mamallapuram Dune 570m 0-2 
02-15-08-S82 Mamallapuram 1 120m 0-2 
02-15-08-S83 Mamallapuram 1 120m 2-4 
02-15-08-S84 Mamallapuram 1 120m 4-6 
02-15-08-S85 Mamallapuram 1 120m 6-8 
02-15-08-S86 Mamallapuram 1 120m 8-10 
02-15-08-S87 Mamallapuram 1 120m 10-12 
02-15-08-S88 Mamallapuram 1 120m 12-14 
02-15-08-S89 Mamallapuram 1 120m 14-16 
02-15-08-S90 Mamallapuram 1 120m 16-18 
02-15-08-S91 Mamallapuram 1 120m 18-20 
02-15-08-S92 Mamallapuram 1 120m 20-22 
02-15-08-S93 Mamallapuram 1 120m 22-24 
02-15-08-S94 Mamallapuram 1 120m 24-26 
02-15-08-S95 Mamallapuram 1 120m 26-28 
02-15-08-S96 Mamallapuram 1 120m 28-30 
02-15-08-S97 Mamallapuram 1 120m 30-32 
02-15-08-S98 Mamallapuram 1 120m 32-34 
02-15-08-S99 Mamallapuram 1 120m 34-36 
02-15-08-S100 Mamallapuram 1 120m 36-38 
02-15-08-S101 Mamallapuram 1 120m 38-40 
02-15-08-S102 Mamallapuram 1 120m 40-42 
02-16-08-S104 Vadanemelli 1 100m 3-5 
02-16-08-S105 Vadanemelli 1 100m 5-7 
02-16-08-S106 Vadanemelli 1 100m 7-9 
02-16-08-S107 Vadanemelli 1 100m 9-11 
02-16-08-S108 Vadanemelli 1 100m 11-13 
02-16-08-S109 Vadanemelli 1 100m 14-15 
02-16-08-S110 Vadanemelli 1 100m 18-20 
02-16-08-S111 Vadanemelli 1 100m 22-23 
02-16-08-S112 Vadanemelli 1 100m 24-26 
02-16-08-S113 Vadanemelli 1 100m 28-29 
02-16-08-S114 Vadanemelli 1 100m 31-34 
02-17-08-S115 Aalikuppam 2 200m 0-2  
02-17-08-S116 Aalikuppam 2 200m 20-23 
02-17-08-S117 Aalikuppam 3 350m 0-3 
02-17-08-S118 Aalikuppam 3 350m 17-19 
02-17-08-S119 Aalikuppam 3 350m 35-40 
02-17-08-S120 Aalikuppam 4 100m 10-12 
02-17-08-S121 Aalikuppam 4 100m 4-6 
02-18-08-S122 Karikattakuppam 1 50m 6-9 
02-18-08-S123 Karikattakuppam 1 50m 20-23 
02-18-08-S124 Karikattakuppam 2 100m 11-13 
02-18-08-S125 Karikattakuppam 3 150m 0-2 
02-18-08-S126 Karikattakuppam 3 150m 9-11 
02-18-08-S127 Karikattakuppam 4 200m 5-10 
02-18-08-S128 Muttukaddu 1 0.5-2.5 
02-18-08-S129 Muttukaddu 1 4.5-5.5 
02-18-08-S130 Muttukaddu 1 5.5-7.5 
02-18-08-S131 Muttukaddu 1 7.5-8.5 
02-18-08-S132 Muttukaddu 1 19-22 
02-24-08-S133 Vailanganni 1 350m 1-4 
02-24-08-S134 Vailanganni 1 350m 6-10 
02-24-08-S135 Vailanganni 1 350m 19-22 
02-24-08-S136 Vailanganni 1 350m 41-44 
02-24-08-S137 Vailanganni 1 350m 58-61 
02-24-08-S138 Vailanganni 1 350m 74-77 
02-24-08-S139 Vailanganni 1 350m 84-87 
02-24-08-S140 Vailanganni 2 380m 1-4 
02-24-08-S141 Vailanganni 2 380m 10-13 
02-24-08-S142 Vailanganni 3 380m 1-4  
02-24-08-S143 Vailanganni 3 380m 31-34  
02-24-08-S144 Vailanganni 3 380m 57-60 
02-24-08-S145 Kallar 1 0-4 
02-24-08-S146 Kallar 1 29-32 
02-24-08-S147 Kallar 1 100-103 
02-25-08-S148 Pushpavanam 1 300m 19-22 
02-25-08-S149 Pushpavanam 1 300m 37-40 
02-26-08-S150 Vilundamavadi 1 150m 14-17 
02-26-08-S151 Vilundamavadi 1 150m 32-35 
02-26-08-S152 Puthupalli 1 500m 8-11 
02-26-08-S153 Puthupalli 1 500m 25-28 
02-27-08-S154 Karaikal 1 200m 5-8 
02-27-08-S155 Karaikal 1 200m 29-32 
02-27-08-S156 Tranquebar 1 900m 6-9 
02-27-08-S157 Tranquebar 1 900m 34-37 
02-28-08-S158 Cuddalore 1 400m 3-5 
02-28-08-S159 Cuddalore 1 400m 15-18 
02-28-08-S160 Cuddalore 1 400m 34-37 
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